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OHAPTEE I. 


The Necessity for the Testing of Raw Materials. 

Tub publication ot this manual of practical testing is not an 
attempt to offer a substitute for the many valuable standard 
works on chemical analysis which ore already in existence Tho 
needs of the aual3d:ical chemist are well supplied He has 
access to a whole library of well-wiitteii and well-authenticated 
text books on every department of chemical knowledge, and it 
would be mere presumption to offer any substitute for the 
lecogmsed htandard works of reference 

There exists, however, a want which this volume is designed 
to meet The general users and merchants of chemicals and 
drysalteries are iiot, as a rule, versed in chemical analysis, nor 
4ire the exigencies of their business such as to demand tho 
inclusion of a tramed chemist among the members of their staff , 
hut tliere arc many occasions when, in buying articles of a 
chemicid nature, it w^ould often be veiy helpful — and veiy profit- 
able — ^to he able to form an opinion as to the relative volnes of, 
say, half a dozen samples of the same class of mateiial For 
instance, a certain large inanufactuier had for many years been 
purchasmg the lubricating oil used in his very extensive woiks 
upon the gmdance of a rough and ready test — ^lie filled a jar 
with the oil, and ascertained the specific gravity by means of an 
antiquated hydrometer The denser the oil, the higher it lose 
in hiB estimation, and he placed his contracts accordingly But, 
as his busmess developed, and he began to use a different class 
•of raw material, he found it necessary to engage a chemist to 
control the operations of his works, and, m due coiuse, the 
lubricants came under exanimation. The chemist was a smart 
man, and he quickly proved, to tho entire satisfaction of his 
employer, that the bill for lubricants was far higher than was 
necessary. The manufacturer was amazed to find that there 
2 
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was auy other teat for lubricating oil than the speoilic gravity 
test, but, as the time for placing contracts again came round, he 
obtained a dozen quotations and as many samples These samples 
were submitted to a veiy simple test — ^wluoh will be found set 
forth 111 its proper place in these pages — and the result was that 
the following yeni’ s contract was placed at such a figure that 
the saving effected paid the chemist’s salary seveial times over 
Of course, tins was a large establishment, but the same state of 
things exists in many works 

Another case in point A calico printer in tlie Manclioster 
district bought bleaching liquor on the test of the hj'dromotor. 
He had been purchasing liquor nt a cci*iaiii number of dogreea 
Twaddell, when an enterprising traveller called upon him with 
a sample winch actually tested twice as high in degrees, and at 
the same price he had been previously paying Tlie bleacher 
tested the liquoi with liis own Twaddell glass, but the instrument 
spoke for itself— ^-it was twice us high in degiees, lienco it must 
be twace as strong iii bleaching powci. The manufacturer gave 
a large order for the liquor, and the travollei went on his way 
rejoicing. Tlje w'onderful bleach liquoi anived in due coui’se,. 
hut it speedily became apparent that it was doing less wwk 
than the wealer article, and, after vainly endeavouring to account 
for this very unsatisfuctorj^ result, the manufactui'er consulted 
an analyst, who speedily found that the extra “strength’’ was. 
attained by the copious addition of common salt, while the'- 
“available olalorm©'* — ^the active ULeacliing agent — was even less 




than in the ordiiiary liquor wluoh had been discarded 

A fmiiheT example pf the necessity for the oonti'ol of raw 
mateadnls, anjd eepepi^Uy of chemicals, may be quoted It is hy 
no- i^eans an unoommou case, and also relates to bleaPhjbqg' 
materials. lu the paper trade large quantities of bleaph^tig; 
powdw are ussed, apd in some mdla no teat is ever ipadej ' The 
powder is sPl^ aa ecmtojining 36 per cent to 36^ perjcin^ of avaih 
obUe phlpijrte^ in poiahy mdls the mvoioe is taken as read I *' 
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clieimcnl test Eveiituully, however, a member of the staff, wlio 
was possessed of a certain amount of chemical knowledge, 
obtained iiennission to exercise bis skill upon the supphes of 
bleach which came into the establishment The lesults of his 
work showed that, instead of receivmg bleaching powder con- 
taining 36 per cent of available chlonne, the chlorine contents 
were never more than 33 per cent or 34 per cent Wlien it is 
remembei'ed that each 1 per cent of chlonne means 3 per cent 
on the anvoice, the meaning of this statement will be appreciated 
I low long this state of affairs hod been existing it would be hard 
to say, but close supemsion for live oi six weeks showed that 
no blcticU came into this paiticular mill which tested anythmg 
like tlic contract strengtlj When matters were ripe the atten- 
tion of the manufacturers was called ^o the subject, and they at 
once "went into a fit of iiglitcous indignation at the meie suspicion 
of such a thing as the^r bleach being weak. Sucli an assumption 
had never been made before, they protested, and the users were 
surely mistaken But the papei maker was obdurate, he 
sustained his claim, and — tins is the point — ^the same makers 
now send him bleaching powder which never tests Jess 
than 37 per cent of avaddhle chlorine! The apparatus 
necessary for the test — which is a very simple one — did not cost 
many shillings, but the effect on the bleach account of the works 
was such that now the paper maker in question will never admit 
a delivery of bleadi which has not jiassed the analysis of the 
chemist* 

AgaiUr "With regttrd to fuel iVnotber manufacturer, who has 
profited by ripe oxperieeoe, will not place his coal contracts 
until he hafe 1^ the sopapjes sifbmitted to him properly tested 
for their fuel submits to analysis perhi^ 

half a dozen ^ different mines, and the 

result is that (ffthh i%|^prioed skek is far from being 
the most valuable as a siwuple at a loymf figure 

, has a very much ttfluef lot pei^ieaes* 

i pfldi^cjf I’iife imstanp^ lim4 
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Suoli instances as tlie foiegoiiig miglit be multiplied mdefi- 
Tiitely, but one more must suffice Again refeiiing to the paper 
trade, most people are aware that enoimous quantities of wood 
pulp are now used in the manufacture of paper This pulp is 
sold on a basis of so much per cent of diy fibre in the material — 
a “ diy” pulp must not coutam moie than 10 per cent of watei, 
and a “wet” pulp must not lest more than 66 pei cent of 
moisture In one of the largest mills in England, many 
thousands of tons of pulp were consumed annually, yet, until 
comparatiyely recently, not a bale was evei tested. The managei 
declared that lie dealt only with “ honest men,” and scouted the 
idea that he was ever “ done ” Yet here again, oue of the staff — 
not a trained chemist — foimd, alinost by accident, on the appli- 
< ation of some little knowledge of commercial testing, that his 
fii'ni, although they dealt mvoi’iably with “honest men,” were 
paying yearly for hundreds of tons of water at from £3 to £10 
per ton. A close system of testing was instituted, and the result 
is that at the present time this particulai fii’m is effectmc: a 
dear saving of close upon £3,000 a year 

Wherevei chemicals, oils, drysalteries, fuels, oi any similui 
law mateiials of vorymg strength oi composition are employed, 
the quality of the aii:icle should m rei be accepted on the word 
ot the seller Instances have been mentioned with a view to 
illustrating this contention, but the principle should be applied 
itivarmhh/ wheiever goods of uncertain strength aie concerned 
It is well known that many clieuucal woiks have two classes of 
cuHtoiners — the people who teat their goods, and the people who 
do not test at all The former class gets high strength deliveries, 
the latter gets whatever is left. Users of chemicals, lubricants, 
fuels, etc , have very little idea as to the tiutli of this state- 
ment. It IS only when they come to apply such simple, yet 
i*eliable tests as will be found m these pages, that the situation 
is seen m its true hght. We have nowadays contuiually dinned 
into our ears the never-ending stoiy of German superiority in 
commercial matters, yet one very important factor of German 
commercial keenness is often lost sight of, and it is this . The 
German manufoioturer does not take the quality of his raw 
materials for granted, the Englnh maniifucture} mrij often 
does. 

It is not necessary that every works should number a tramed 
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analyst amongst th.0 membera of the staff. There ai*e, 
comparatively speaking, few works, with the exception of very 
large ones, which could find work for a trained chemist, and 
there ai’o fewer still wlieie the willingness to pay the necessary 
wilaiy would be found I In small works of every description — 
soap works, paper mills, bleach works, dye works, hat works, 
small engineering works, textile factories — ^in all these, and many 
othei establishments, articles which are extremely variable m 
strength are constantly used m large quantity, yet in very 
many cases there is no B3’’stem of testing in operation The 
loasoii given is, “We have not enough work for a chemist, and 
nobody in the place knows how to test the stuff If we send 
all our samples to a public analyst his fees are so high that it 
would be ruinous. What aie we to 

The problem has been solved m some cases, and in a veiy 
simple manner The Lancashire paper trade supplies several 
instances of this A paper maker has realised the necessity 
iov exercising some measure of chemical control over his raw 
materials; but ho is not prepai’ed to meet the expense of 
submitting eveiy sample to a public analyst, considering that a 
lOugh test, m the fii'st instance, is all that is required His 
attention has been drawn to the fact that some studious member 
of his clerical staff possesses a little knowledge of chemistry, and, 
acting upon what has proved a good idea, the manufacturer has 
encouraged the expansion of this knowledge A few sessions 
at a technical school, hacked up with good text-books, has proved 
sufficient preparation for the embryo works chemist to enable 
him to undertake the testmg of the more important raw 
materials, and practice, with the run of the works, has, m 
several notable cases, borne ample fruit m a very marked degree 
(if economy effected by these simple means. 

It IS well to add that in these oases an important lesson 
lias been learnt, and it is this.— Tlie testing of raw matenals 
and supplies generally is carried out by the works chemist, who 
ropoi*ts any coses where goods are not up to contract strength 01 
quality, but the manufacturer, after a little experience, does 
not attempt to fight claims for allowances upon the basis of 
the works test What he does, after a confirmation of the 
test, is to call in a pubho analyst, armed with Jm certificate, 
he proceeds to fight tlie claim, and it may ho stated as a 
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IJOJiitivc fact that iii nine cuhcs out of ten the manufacturer 
wins the day, aud secures liis allowaiKC — lu many cases a 
YQiy Rubstaiituil one. Tins method of proceduie is recommended 
with confidence to those who arc desirous of eslablishiug chemical 
control over their la^^ materials with a minimum of expense 
Tile object of this voliune is to place within easy reach of 
every user of chemicals, etc , the knowledge whioh aviII 
enable him to coutrol the quality and strength of the 
materials m question In miniy cases, the methods of 

testmg given in this maimal are not easily accessible 
to the oidinaiy usei who has not leceived a chemical 
tiaining Many of the processes miiy bo found lu text-books, 
but they ai’o frequently buned under a mass of (to tho untrained 
heokor) irrelevant matter, and the instmctions for the cany mg 
out of the analytioal operatious are couched in language which 
to the umnitiated la sometimes difficult to imdei-stand Other 
methods foi the rapid testmg of commeicial articles ai^e not 
easily to bo found in any of the ordinary text-books, or, if it 
were possible to find them, it is not always convenient for tho 
manufacturer, merchant, or user to have in his works a libraiy 
of analytical literatime A. handy coUectiou of relvahle tests 
of the commonly used chemicals, lubricants, fuels, etc , which 
are consumed in such immense quantities, is a de6ide7*atvni, and 
in this volume such a collection will be found 



CHAPTEK II. 

The Laboratory. 

THE FITTING UP OF THE LABORATOEY. 

1 . — It IS very dohiiiible lu solectiiig a loom to bo couverted 
into a laboratory that soveiiil most iiaiiortant pomts should be 
kept m muid Li the first ifiaco there should be ample room foi 
all the oporatioub which aie lilvcly to be perfoimed Works 
laboratories me, geiieiully speaking, at a great disadvantage m 
that the looin set apiiit foi analytical oiieratious is fai* too 
restricted No apaitnieiit is considered too small to seiwe for 
A laboratory In nimiy cases it almost appears as though the 
chief consideration had been to apportion the smallest looni in 
the whole establisliment to the work of testing It is altogethei 
a mistake to stiut the laboratory in the matter of apace. Select 
a faiily laigo room, which will give ample space foi comfortable 
woiking E^eiy sqiuu'e foot of loom in a woiks is valuable, 
but no bettor investment can be made than the apportionment 
to the laboratoiy of as lai'ge a room as iiossible, and the lai'ger 
tlie better. 

The next ponit is that the laboratoiy should be easy of access* 
III some mills the sanctum of the chemist is cunningly hidden 
a\\ay in an almost inaccessible corner of the woiks, and it would 
be safe to clialleijgu anyone, not Ihorouglily familiar with the 
Ills and outs of the works, to penotiato to tlie repositoiy of what 
little apparatus the eatablishmout possessed This is a great 
mistake, for, where the laboratoiy is hidden away lu such a 
mania, i, its usefulness is diminished, and ospeciully is this the 
case when no chciniBt is numbered amongst the members of the 
stajff, and someono with a smattering of chemical knowledge is 
supposed to do the testing — such as it is — ^iu his odd moments. 
Tlie laboratoiy sliould be situated in a convenient part of the 
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works — lu many new mills it is placed in tlie same block of 
buildings as the offices — and, when these aie in close proximity 
to the works proper, it is, no doubt, the best arrangement If 
a room is fitted up tlie mill a certain amount of vibration will 
be inevitable, and this vibration will senoiisly impair the 
accuracy of balance woik Freedom from vibration, therefore, 
should be secuied 

2. Gas and Water —Tliere should be a good semoe of 
gas and water If tins does not already exist, it should bo 
provided before any serious work is attempted The room 
should also be well hglited If gas is not available for heating 
apparatus, spirit lamps must be substituted , but gas is preferable 
m every respect Having selected a suitable i oom, and assuming 
that the essential points of (1) ample space, (2) convenience of 
access, and (3) gas and water supply iiave all been met, we will 
now consider the arrangement of the laboiatory. 

3. Shelves. — If the room is square, with ^vlndo■^^s on two 
sides, then the two sides nob pierced with windows should be 
fitted up with shelving Three shelves, each running along ^the 
whole length of the wall, and of a good width, will be found 
useful for re-agent bottles With regard to the othei' two walls, 
the space of wliich is broken up by the windows, short lengths of 
shelving may be fitted hetweeii the windows, for shelf looni is 
extremely valuable in a laboratory, and it should bo arranged 
so that solid leageiits aie allotted to on© pait, and liquid 
reagents to another, while bottles containing samples may be 
kept entirely separate m a thud! division. This arrangement 
will avoid confusion, and, where many samples are tested m the 
coiu’se of a months, a libeml allowance of shelf room will be 
appreciated 

4. Benches. — ^Tho following ori’augoment is a veiy con- 
venient one Again ussutning that the laboratory is square in 
shape, benches should be fitted round three sides of the room j 
in some laboratories all foui* sides of the room are fitted up with 
benches, and, if possible, this is all the better for convenience m 
w’orkiiig A convenient height for a working bench is 3 feet, 
and each bench should be provided with cupboards underneath. 
In these cupboards shelves should be fitted^ ljut oAe or t?fvo ought 
to be left entirely without shelves, so lhat tail pje^ $pparaHs 
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toiy should bo allocated systematically to their respcctire uses, 
and they ought not to be used indiscnmmately for any operation 
'W'hich may be in process The following hints as to the fitting 
up and use of the working lienches may be useful — 

6. Water Bench —A fairly largo bench IS con^elllent foi 
all operations involniig the use of gas and water A mam gas 
pipe should be coined the whole length of the bench, provided 
wutli taps at convenient distances apart A water main, with 
F-imilar branch taps for the supply of condensers, etc , should also 
iim the wlmle length of the bench The water bench might be 
covered with sheet lead, as it is far more convenient to clean 
up a lead-covered bench than one not so covered, and, again, 
when acids are spilled, and accidents generally happen, a lead- 
covered bench sutfers less than one destitute of this protection 
The water bench should be reseiwed for operations mvolviug the 
liberal use of gas and water — ^these operations are many, and 
It IS convenient, for instance, to have a properly fitted-up water 
bench when engaged in the testing of feed water, water analysis 
generally, and the tooting of works effluents 

6. GasBencL — On this bench should be arranged the 
pieces of apparatus used for heating, igmting, and calcining 
oiierations A liberal gas supply should bo eiisuied, and as 
large a pipe as possible should be carried along the whole 
length of the bench, with branches at frequent mtervals for 
connectmg to burners, furnace, water bath, sand bath, water 
ovens, etc, 

7. The Burette Table. — This should be placed m front of 
a window, so that in vohiraetrio analysis the end-points of the 
culoiu’ reactions may be clearly obseiwcd. Some of these end- 
1 joints in colour tests may be easily mistaken unless a good 
light 18 available, and especially is this the case in such work 
as NoBslerismg iii the estimation of ammonia, and ala6 in 
estimating minute (luautities of iron in water Volumetric 
analysis cannot be satisfactorily accomplished in a bad light, 
and for this leiisou xhe burette table should certainly be placed 
in the heat lighted part of the room. 

8. The Balance Table. — In the standard works on chemical 
analysis a rule is laid down that the balance should be placed m 
a separate room, and that on no account should it be kept in the 
lahointory This is aU very well in theory, but in practice it 
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is 111 mauy cases lui almost im attain able htnte of tUiugh. Thcio 
a} e few works laboratories 'vrliere a separate room is available 
for use as a balance loom. In many instancCH the chenuat has 
to be satisfied with a veiy small loom indeed foi the purposes 
of Ills laboiatoiy woik proper, and if he were so ill-adviaod as 
to demand the use of a separate apaitmeiit for weighing opera- 
tions, theie IS very small chance indeed that Ins demands would 
be granted Fiutlier, it is often the reverse of convenient that 
the operator should have to lun from one loom to anotliei foi 
the pm*i)ose of conducting Ins weighing It would consmne 
too much of Ins precious time, and tins, with the con- 
sidoiMtions of space and othei minor details, rcndei it almost 
impossible for Inin to exercise that auioiiiit of care for lus most 
delicate iiistnmieut, which he fully recognises to be advisable 
Failing tlie sejDurate balance loom, the balance table should be 
placed, therefore, iii a comer of rlic laboiatoiy which is as fai 
removed its possible from evaporating apparatus Acid fumes, 
as is well known, aie eminently nijiiiious to clohcatc instruments 
such as the balance, and aU i)ussible iirecautious slioiild be taken 
to piotect tho instrument from such deleterious influences It 
is fiulhci advisable that tlie table be nut too high; a height 
which IS couvement foi tho oiieiatoi to '\\oik at wheii, standing 
is, in many cases, moiu couvoiiiont than a table placed for 
weiglmig with the oijeratur seated, 

9. Sinks. — Sinks aie a necessity in a pioperly-equipped 
laboiatoiy Tins is by no means a superfluous lemark, and it is 
essential that at least one should be jirovidod This should be 
placed ill a convenient ixisitiou — in tho centre of one of the woik- 
ing beuchea, if possible A lead-lined well is the best form, for 
this has several advantages, one of the greatest being that if a 
piece of aiipaiatus bo sot doym roughly there is less fear of a 
breakage. Another pomt to observe is tliat the pipes loading 
to the dram should be easily accessible In case of tui obstruc- 
tion this is a facility which will be much appreciated, 

THE SELECTION OP APP^UlATUS. 

10 Weighing Apparatus — The most important piece 
ot apparatus in any laboratory is, of course, the balanoe. 
Weighing operations are the feasis of very many commercial as 
well 08 more abstruse analytical processes. It is frequently the 
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case that upon tho rehiiltaut Avciglit ol‘ a precipitate depends tlic 
accuracy of a test -wliicli may decide the value of goods -worth 
a veiy large amount, and, this being so, it is in the highest 
degree necessaiy that, for puiposes of coiiiinercial testing, an 
accurate baJanco should be available 

Willie dealing with \\oighmg operations and tho iiistimnonts 
used in such work, may consider tlio need not only of a 
chemical balance, as it is usually termed, but of weighing 
appaiatus geiierjiUy It is advisable, then, that seveinl balances 
of grater and lesser degi’ees of delicacy be provided. For the 
gcnei’ol pui’poses of laboratory woik, and foi commercial testing 
generally, balances of several degiees of sensitiveness are useful, 
but as the requirements of difi’eieiit conditions vai’y, and as lu 
some cases nu approximate wciglmig is all that is lequu’ed foi 
the purpose of a commercial test, wo shall consider not only 
the appai’atus known as the “chemical lialance,'' but also 
other balances which may be in demand tor various pin poses 
As has been previously mdicated, many of the operations 
described liorc might not, strictly speaking, come imder tho 
precise head of exact analysis In commeicial testmg it is 
often the case that piecisc analysis is not demanded, and for 
tho piupoaes of many tests it is not roqiusite — for example, that 
a weighmg operation should be conducted as far as a tenth of a 
milligramme In the testing of wood pulp for inoistmc, where 
a fairly largo sample is taken, as is gcneially the case, it is not 
neoessary to weigh finer than a tentli of a gramme Again, lu 
a commercial laboratory, there are many experiments which 
would be earned out with profit, if it were convenient to weigh, 
with a fair degree of accm’acy, a moderately largo quantity of 
law material and tho resultant fimshed products. Eixpenments 
-with a few gi’ammes of a given substance aio voiy often not so 
useful as experiments with a few pounds, and, therefore, while 
wo ai'C cousidei-ing the ro(iunemouts of a commercial laboratory, 
may just as well take mto consideration the possible require- 
ments for the purposes, not only of coimnercial testing, but of 
commercial experiments, although it is not proposed to deal with 
tins latter subject in tlio present vohune It is, no doubt, 
improbable that all tho readers of this hook will lay themselves 
out to follow the whole of the suggestions which are made or to 
procure the whole of tho apparatus indicated, but in case at any 
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time information is required as to the best aiipliance to proouie 
for any specific test, whether analytioal or experimental, they 
will, generally speakmg, find within these pages the partioulais 
required as to the best instrument or piece of apparatus, the 
name of the manufacturer from whom a reliable article may be 
obtained, and the probable cost at which it can be procured 
All this is useful information, and these Imes will be followed 
when indicating the necessary apparatus for each test. 

11. The Rough Balance — This is a comparative term. 
In the average works— not the works which is already possessed 
of a chemist and a laboratory, hut the works which is as yet 
innocent of either — it is not infrequently the case that when 
a delicate weighmg is required no suitable ''pair of scales*^ is 
forthcommg Suppose a few ounces of material have to bo 
accurately weighed for the purpose of a test, it is often found 
that the most sensitive appliance in the place is the lettei balance, 
which wiU not weigh to less than a quartei of nn ounce. Now, 
assume that it is required to estimate the percentage of maistm*e 
m any substance ^ a quantity, say a few ounces, is weighed off, 
dried, and weighed again, and the percentage is calculated upon 
the figm-es so obtained In order to judge of the probable 
accuracy of this test, we must remember that the weighings 
have in each case been conducted to within a quaiter of an 
ounce In an ounce there are 28 36 grammes, not to go further 
than the second point of decimals, so that a quarter of an ounce 
contains 7 09 grammes. Now suppose that with this rougli 
weighing the percentage of moisture was found to be 24 9 , assiune 
further that a second test is made, weighmg in this cose witli 
gramme weights, and to a tenth of a gramme. In the first 
case the moisture would be returned os 24 9 per cent, and in 
the 'latter cose the test would actually indicate over SO per cent. 
This IS a mild example of the errors which are introduced into 
testing when only rough apparatus is available Many articles 
of commerce ai'^e sold with the understanding that they are 
not to contain more than a certain percentage of moisture, and 
when thousands of tons per annum are consumed, as in the case 
of wood pulp— to which we shall specially refer later on — ^it is 
not difficult to see that the consequences of inaccurate testing 
may be very serious. 

For commercial purposes two Manoes are necessary — a roug|i 
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Ijalance and an analytical balance The jfirst should be a strong 
and simply-an*anged one capable of carrying about 3^000 
grammes, and which will turn with this load to 06 gramme, A 
balance which answers these requirements is supplied by Messrs 
F Jackson and Company, of Cross Street, Manchester, and is 
admiiably adapted for many of the operations of commercial 
testing It IS stioiigly made, the beam is of aluminium, the 
pans are removable, and it is very sensitive in use Such a 
balance is useful m a great many commercial tests, and, further, 
as has already been pointed out, it can be employed for a whole 
host of other purposes in the commercial laboratory The price 
IS £2 12s 6d 

12. The Analytical Balance. — It is a common opinion that 
any kind of apparatus is good enough for works tests/’ There 
IS no greater fallacy A works test ought to be thoroughly 
reliable, and it is impossible to make accurate tests unless 
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accurate apparatus is provided. For weighing operations the 
rough balance, as it has been here termed, is sufficiently accurate, 
buTJ for many tests involving exact weighing it is essential that 
a much more delicate instrument should he available 
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A chemical balance is a reiy beautiful and an extremely 
sensitive instrument, and it is therefore expensive Balances 
may be obtained of many depfi’ecs ol sensitiveness, and of many 
degiccs of cost, vai-rnif? from £5 to £25 It is not necessary 
foi the puriiGses of conimeicial testing that a very oxiiensivo 
instrimient be purchased A balance wliicli vill turn to ai fiftli 
of a noiUigrammc when coiTying a load of 100 gioinmcs ni each 
pan 18 illustrated in Fig 1. This balance is well adapted for 
use in all the tests described in those pages. It is siipiiliod by 
Messrs. Townson and Mercer, of 34-, Camomile Stvoci, London, 
E.C., at the pi ice of £8 lOs complete CheaiJer bahmees mu\ 
be obtained fi’om the same hriii, whoso catalogue, or that of 
Messrs Band and Tutlock, of U, Cross Street, Hatton Uardcii, 
London, E C , sliould be consulted 

»So far as cost is conceiiied it is exticmely moderate, 
and no mauufactimer oi firm desiring to economise, or 
to exercise that control ovei their buying and manufactur- 
ing opeiations, wliich is herein advocated, should doiuiir 
to eqiuppiiig Ins lahoiatoiy W’ith such n l)tdiiuce. The 
cost may seem Ingh to the non-scientific mind, even of 
what iB, after all, a veiy modest l)alance, but it may be 
taken for gi'anted that such a piece of appoi^atus will in a" very 
short time, if used for the piuqiosos of commercial testing, n(»t 
only pay for itself, but e&ect a gieat eLonoiny in many dii*ectioiis 
111 any works or establishment where mv^ niateimls, sutli as 
chemicals, fuels, drysalteries, and the like, are bought and con- 
siraed m large quantities Tlie manipulation of the balance 
will be dealt with later on ni this chapter. 

13, Weights. — The commercial laboratory sliould bo well 
equipped w'lth reliable gramme weights. For the analytical 
balance these are, of course, mdispensablo, and u thorouglily 
good set should be pui’cliased with the balance. A convenient 
range 18 from 100 gi-ammes down to 1 milligi'amme, with riders. 
Such a set— of Oeriling’s malce— in box, with forceps odniplete. 
will cost from £2 to £2 Tis For use wutb the rough buhmoe, 
n set of gramme weights, ranging fiom 1,000 grammes to 1 
gramme, in wood block, may be obtained for about 10s. For 
tho smaller divisions a set of cheaper weights, ranging from 50 
grammes to a milligramme, may be obtained for abpnt the jujoao 
nmount These two sets are really neosssaiy, and should 
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cci’tiuiily bo piocured Cheap ■v\ejo:jits mu bo obiaiuod at a 
very Iotv cost, but aooimiiy la sacrificed; aud m analytical -^^ork, 
oven in commeicinl laboratoiy, the economy of a few Bliilliu^r'^ 
iiiuat not bo considered when selecting weights, whatever may 
bo permitted in respect to other uppaintus 

14. The Use of the Balance. — Tliere is no operation more 
inipoiiiant in. clieinicnl analysis tluin that uf -vs oigbmg, and there is 
no instrument which ncedsgreater care than the cliemical balance 
It might also ho added that there is no instrument winch is so 
carelessly used by inexperienced operators A balance is veiy 
quickly spoiled by careless treatment, and at the very outset 
it should l»o luidorstood tliat extreme care must be exercised 
in conducting weighing operations No doubt many of the readers- 
of this Yoluiiio will have had some amount of practice in weigh- 
ing witli the balance : hut, as these instnictioiis are mtended 
more paiticularly foi the use of the inexperienced m such 
matters, it will ho advisable to go into the question somewhat 
in detail 

Exannue the balance (.arefiilly, and see that the kn]fQ-odge& 
at each end of the beam are in position See that the iiiBtrinneiit 
IS levelled piopeily by means of a spirit level, -witli which the 
balance sliould he fitted, and, if nccessaiy, adjust the levelling 
by moans of the milled sciews at each coiner of the case. Now 
turn the knob lu the centie of the balance, and very gently 
leleuBC the Hup2>oits, causing tho beam to oscillate. TIiis move- 
nient must he acconiiilialied gently, and, if tho beam does not 
move, retiu'n tho knob to its former jiosition and repeat the 
operation If nocGsaaiy the door of the case may he oiiened 
and closed quickly , the luoveiiient of air will then he sufficient to 
start the oscillation of the beam Now watch the vibration of 
the pomtei along the scale; at eocli OBcillntion tlio moveinont 
-will become less, and when foui* or fivo divisions only aie reached 
on each side, count them ; the first reading should not be recorded 
Suppose that the pointer moves fivo divisions on the left of the- 
se ale and three on the right — ^it is evident that the two scale 
pans are not in oquihhnum Open the balance case, and, by 
means of a soft brush, remove any dust which may adJiei*e to the 
pans and stirrups of the balance Having brushed the scaJo 
pans free from dust, once more close the cose, and again release 
tlie pan supports Watch the oscillations closely, not taking- 
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the fil’st reading, but allowing the pointer to vibiate several 
times on each side of the scale before counting When the 
iDeani takes a long initial swing, it is a good plan to ivait until 
the oscillations reach four or five divisions only 

There are one or two precautions which must be observed 
in using the balance iii addition to those already mentioned. 
In staitmg the beam m vibiatiou, a very cautious lotation of 
the milled screw is essential, Tmm the sciw the least possible 
touch, and vert/ gi'adually release it, feel mg the condition of 
the beam as the screw is turned Again, m aiTesting the 
vibration of the beam, it must be allowed to aiipioach zero 
before cliecking by means of the screw. If the beam has been 
swinging violently, it must be allowed to come almost to rest 
before the sciw is turned; then, when the pointer is at zero, a 
very gentle revolution will completely airest the motion A 
shallow vessel containing solid cliloride of calcium, oi 'strong 
bulphitric acid, should be kept in the balance caije, in order to 
keep the atmospheie of the balance case in a dry condition This 
should be frequently renewed 

If it is found, aftei blushing the pans, beam, and stiiTups of 
the balance, that the beam is still out of equilibrium, on 
-examination should be made Dirt may be caked on the pan, 
in Avliich case it must be veiy carefully a amoved, and recourse 
should not be made to any of the adjustmg screws until the 
•opeiator is quite satisfied that the beam and pans arc quite free 
from dust and diit When, however, it is found to be impossible 
to secure equihbiium otherwise, attention should be given to the 
adjustmg screws At each end of the beam will be fomid a 
small miUed-lieoded screw working along the beam Assuming 
that the pointer still traverses more divisions on the left than 
•on the right, it is evident that the right-hand pan is too heavy, 
and, accoidingly, a fraction of a turn may be given to the screw 
on the right-hand end of the beam, turning it towards the centre 
of the beam so as to lighten the load. Now once more release 
the beam, and -continue this adjustment until the divisions on 
the scale are equally coveied by the pointer. The adjustmg 
screws should never be used until it has been proved that the 
levelling of the balance is correct, and that the beam, pans, and 
stiiTups are qmto free from dust. 

Assuming that the balance is now accurately counterpoised, 
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an actual weighing opei’atiou may be performed, and the follow- 
ing instructions may be followed lu all cases when the balance 
IS brought into requisition * — 

16. Directions for Weighing. — The first rule to be 
observed in weighing is that no body must be placed upon the scale 
pan in a heated condition. It is essential that the substance to be 
weighed shall bo cooled (if it has been previously heated) to the 
temperatme of the laboratoiy before it is weighed off. In many 
operations it is necessary to weigh bodies which have jireviously 
been dried or ignited, Wlien this is the case the desiccator 
must be used Suppose, for example, that a platinum dish has 
been cleaned, dided in the water bath, and is now to he weighed — 
the dish must first he cooled lu the desiccator. 

16. The Desiccator. — Two forms of this piece of appaiatuB 
are illustrated herewith. Tlieyaxe both supplied by Messrs Town- 
son and Mercer, and are made lu different sizes. A good size 
for Fig. 2 is 6 inches diametei, which costs 3s , Fig 3, GJ- inohes 
diameter, costs Gs The first is very useful for cooling small 
articles such as crucibles, etc , while the latter is nioie con- 
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vement for use whoie larger vessels suoli as vide clock glasses 
are being used A convenient plan is to provide one of each 
pattern, in which case it is possible to cool one vessel while 
another is being weighed ; then, by the time the first weighing 
IB finished, the second object is ready for the balance. The 
lower part of the desiccator shmvn in Fig 2, and the dish of 
Fig. S, must be kept supplied with calcium chloride or strong 
vitnol, which should be frequently renewed. 

Assuming that the body to be weired has been cooled in 

3 
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the desiccator if necessary, it may now be transferred to the 
balance pan. THe object to be weighed should always be placed 
on the l€ift-hand pan of the balance, and the weights on the 
right-hand pan This order should be invariably adhered to. 

Open the box of weights, and, using the forceps which will 
be found therein, talte out the 100 gramme weight and carefully 
transfer it to the right-hand pan; then, without closing the 
door of the balance case, shghtly turn the central screw It 
will, no doubt, be found that 100 grammes is much too heavy, 
and if the beam were released suddenly with this weight upon 
the pan it would be jerked up violently, and, perhaps, be 
thrown off the knife edges; hut if the mere fraction of a turn 
he given, and the pointer closely watched, it will be instantly 
seen that this weight is too great Therefore take off the 100 
gramme weight, replace it in the box, and substitute the 60 
gramme, once more cautiously turnmg the screw very slightly 
If this also 18 too much, substitute the 20 gramme weight, which 
may be too little. Now add the 10 gramme weight, and follow 
on with the smaller ones, until the dish seems to be nearly 
balanced. We will now assume that we have on the weight 
pan the following weights : 20 gramme, 10 gramme, 2 gramme, 
1 gramme, 0 5 gramme, 0 1 gramme, 0'02 gramme, and still the 
dish is heavy. We must now use the rider This will be found 
ill a separate division of the weight box, and it must be placed 
upon the hook of the rider shde at the top of the balance case 
Many balances are fitted with two nders, but one only is neces- 
sary for general work — for the work described m this volume, 
at all events. The nder, when placed at the extreme right-hand 
end of the beam, is equal to 1 centigramme — that is, O’Ol 
gr amm e. Now try the beam once more with the rider at the 
end; it is too much Slide it along to the middle division — 
each full division is equal to O’OOl — ^that is, a milligramme; 
so, assuming that the beam is counte]>poised with the rider in 
the centre, then the worth of the nder is 0 006, and the weight 
of the dish is 33'626 gm 

The final tnal of the beam before reading off the weights 
must be very carefully made. The pointer should be allowed 
to swing several times, smd it must oscillate an equal number of 
divisions on each edde before the weight is accepted as correct. 
Then when the beam bos ahnost stopped swinging, and the 
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pointer is at zero, gently arrest the beam, and proceed to count 
up the weights. 

In reading the weights the following is a safe course to take : 

The operator should practise readmg off the in the box, 

so that it will be quite an easy matter to reckon the total weight 
on the balance pan, not from the weights themselves, but from 
the vacant spaces in the box Having done this read the weights 
on the pan, commencing with the largest, and jottiog down the 
value of each oi^e as it is exammed. iiter a time facility wiU 
be acquired in reading from the spaces A third check may now 
easily be made, and that is to read the weights a third time as 
tliey are lifted from the pan to the box. This course of pro- 
ceduie in weighing will obviate many blunders, and, as the 
operation of weighmg is perhaps the most important one m 
chemical analysis, it is well to indicate here the most correct 
and safest manner of conductmg the operation. 

17. Specific Gravity Apparatus. — The specific gravity 
of bquids may be ascortamed (1) by means of the hydrometer, 

(2) by the use of the Westphal specific gravity balance, and (3) 
by actual weighmg on the chemical balance. 

The Twaddell Hydrometer. — For the purposes of com- 
mercial testmg the Twaddell hydrometer is very frequently 
employed, and is here illustrated Tlie instrument is used as 
follows • We will assume that it is required to ascertam the 
speoifio gravity of a solution of sulphuric acid. Take a cylmder, 
which must be higher than the hydrometer — a test glass can be 
obtflimed with the apparatus FiU this to withm an inch of the 
top, and immersd the hydrometer m the liqmd. Tweiddell’s 
hydrometors are supplied m sets >of six, ranging from 0 to 170° 

Twaddell Tske N(J 1, and imanersb it m the liquid to be tested ; 

it at onoe bobs up to the top,{ fiie liquid heiug far too heavy. - f 

Repeat the operation wfi^ No. fi • it & still too heavy. Repeat 


the trial with No. 3 and No 4.^ With No. 5 the spuwfle rises 
very slowly, and at last oomes to a standstpl at 133°. 
liquid then registers 136° on Twaidd^tf^ h^^ometer. In, taking 
a “Twaddell,** as it is termed, oarQ‘]^iW bo observed thp ^ 
instrument is kept away fjrotq ^ 

' hycfrometer wdl crff[en isife joi J 

a^r^adiag muat ao* 
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Messrs Baud and Tatlock, of 14, Ci’oss Street, Hatton Garden, 
London, E.C. This is a special pattein, ’wliicli will not loll over 
or revolve m the liquid to be tested. Tlie price la Is. 6d each 
To convert the degrees on Twaddell^s scale to specific gi*avity 
multiply by 006 and add I'OOO For instance, 24° Tw' = 1*12 s g 


is®, 
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18. The Wesl^al Speoi&C' 

"Westphal balanoe is ?. vfry 
ior ftsfiertaiiuiig tfa* pacific ^ 

speoua semo&’when the Tqliia9.tf 






SPHOIFia GRAVITT APPARATUS. 


21 


iind it has the additional advantage that the actual specifio 
gravity figure is read direct 

Tlie bolttuce is kept packed away in a box when not lu uae, and 
it must bo carefully set up, as shown iii illusti ation Four sizes 
of nders are supplied with the- instrument, and the method of 
weighing is as follows — 

Before taldug a readmg see that the balance is properly 
levelled by means of the levolling screws provided at the base 
of the balance Hie point on the end of the beam aud that 
opposite to the beam must bo perfectly level, so that the beam 
IS m equilibrium Hus adjustment must be made, of courae, 
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before the jar is filled with the liquid Now fill the jar as shown 
in the illustration Once more assuming that this is vitriol, as 
before, the plummet will rise as far as it possibly can, and the 
index pointer will drop down below the spike on the left No-w 
take the riders, of w‘hich there are four The largest nder (of 
which two are supplied) when plaoed upon the hook at the 
extreme end of the beam — *hove the plummet — ^is equal to 
I’OOOO; placed in the first notch along the beam to the left, it 
18 equal to 0*9000; placed on the netst division, it is 0 8000, and 
so on. The next smaller rider, whpn placed qn the end hook, is 
equal to 0*1000, and its value dim^ishes ip precisely the same 
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maimer as tlie larger one Tlie third and foiu’th riders have 
values dimmishing in the same manner, so that, with the set 
of four, it IB possible to weigh to the fourth place of decimals 
With a solution of a amiilai gi’avity to the one already 
tested with the Twaddell, the first of the large nders would be 
over the plummet, the second on the sixth divibiou of the beam, 
and, m addition, tlie nder next in si^e would be required at the 
eighth division on the beam The beam wiU now be m equili- 
brium, and the specific gravity of tha liquid is 1*680 

A little practice with the Westphal balance will enable the 
operator to deteimine tlie specific gravity of liquids with speed 
and accuracy The Westphal is a very convenient, as well as 
a very reliable mstrument, and where it is necessary to determine 
specific gravities accurately, frequently, and in limited quantities 
of liquid, it IB by far the most oonvement method Cai'e must 
be exercised m setting up the balance, and also in packing it 
away m its box The plummet must be well washed and dned 
after each operation, and then, together with its suspension 
wire, wrapped up in soft paper. The tnal jar should also be 
well cleaned and allowed to dry before being packed away 
The plummet may be placed mside the jar, and the whole fitted 
mto its place in the box. The price complete, as supplied by 
Messrs. Townson and Mercer, is £1 7s. 6d 

19. The Specific Gravity Bottle. — This is, analytically 
speaking, the most accurate method of estimating speoifio gravity ; 
it is also the method which consumes most time in carrying out 
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There ai’e some mstanoes, however, wbe^ it is ^neoessaiy, and 
the mode of procedure is os follows*— . ' r 

The speoifio gravity bottle is a sm^ eon*' 
tainmg 100 grammes of water at 60®* fullt 

Clean the bottle, dry in the water oyeni jail ^ ' 
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on the analytical balance. Now fill the bottle with distilled 
Avatei’ — fill it almost to the top. Take the stopper and examine 
it } it will be noticed that it is bored with a very fine hole right 
through Insert the stopper in the neck of the bottle j the 
■Nvater will, of course, come through the hole and run over the 
ueck. With a little practice, however, it will be possible to fill 
the bottle to such a point that only a little liquid will find its 
way through the stopper, and this must be absorbed with a piece 
of filter paper CarefuUy remove all moisture from the outside 
of the bottle and weigh agam, noting the weight. Now empty 
the bottle, and rinse it out with a httle of the acid solution to be 
tested, fiH in precisely the same maimer as with the distilled 
•water, and, after again removing all traces of moisture from the 
outside, weigh once more The specific gravity, as obtained by 
this process, is ascertained by the following calculation — 

Weight of 100 c. c. acid 

Weight of 100 c. c. dietilied water “ ^ 

In using the specific gravity bottle it need scarcely be pomted 
out that great care must be exercised when working with acid 
and other corrosive liqiuds. Unless till traces of such liquids be 
I’emoved from the outer surface of the bottle before placing it 
oil the bsdance pan, the pan wiH certainly suffer, and, for this 
reason, unless the gravity is required with great accuracy, the 
TwoddeU and the Westphal are most frequently used. For 
commercial purposes the balance is very rarely used At the 
same time it is useful to he able to take a gravity by actual 
weighing 

20. Water Ovens. — For aU laboratory purposes, where the 
temperature required is not over 212° F. (100° 0), a water oven 
should be used Water ovens axe all oonstructed on the same 
prmoiple — ^they consist of an mner drymg chamber surrounded 
by an outer jacket. In the space between these water is 
placed, and heat applied by means of a gas burner , By this 
moans the heat of the drying chamber cannot, of course, exceed 
that of boiling water — ^fchat is, 212° F., and as, for many labora- 
tory operations, this temperature is sufficient, the water oven is 
by far the most useful piece of drying apparatus. 


In Fig. 7 is shown a special form of oven, made by Messrs. 
To'wnson and Mercer, which consists of the oven proper, com- 
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bmed 'svntlx a cistern for maintaming on automatic supply of 
water without lowering the tempei’atoe of the drying chamber. 
This IS an exceptionally useful arrangement, and obviates the 
necessity of mamtaimng a constant watch over the water level 
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It IS not an uncommon occun’ence for a water oven to boil dry, 
and when the attention of the operator is drawn to the apparatus 
he sojnetnnes finds that the solder has been melted out of the 
joints, and that the oven is ready for the repairers. All possi-- 



Fig. a— W atbr Ovhk. 


bility of such an ooourrenoe is removed m the ov^Jl 
and, moreover, aS'the feed water is heated 
the watei* jacket, the temperature of 
constant Tins, of course, is nht thie 
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an'augemeut, m whiulL cold water is often pointed into the jacket. 

A convenient size for such an oven is 6Jm. by Tfiii. by 6 Jin , 
and tlio price is 40s. A larger size, 9 in by 9 in by 9 in , is 
also supplied at 60s. 

The ordinary form of water oven, illustrated in Fig. 8, 
consists of a copper drying-chamber surroundedby a water jacket, 
as in the last described. In this pattern of oven the water supply 
IS not automatic, but for many purposes a small oven, in addition 
to a large one, is often a convenience, besides which, the low 
price of ail oven of tins type places it in the reach of any 
laboratory Messrs. Townson and Mercer supply this oven, size 
6 Jill by 6 Jin. by 5 J in Price 21s.; with stand, as shown, ' 
2 s. 3d. extra. 

21. Hot-air Ovens. — For some purposes it is necessary to 
obtain a temperature of over 100° C. (212° F.) With a water 
oven this is not possible As a matter of fact, few water ovens 
give a temperatui’6 of more than 96° C , and when it is absolutely 
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necossary that 100° 0 is to be maontainedj it is necessary to use 
a hot-air oven The difference between the air oven and the 
water oven is that in the water oven the water jacket is the 
medium through which the heat is conveyed to the drying 
chamber ; in the case of the air oven the water is dispensed with 
and hot air passed through the jacket, thus enabling any desired 
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temperature to "be obtained in the drying oliamber. Three hot-au* 
baths are here illustrated; they are all supplied by Messrs. 
Baord and Tatlock The largest is a very useful piece of 
apparatus, and is oonvenient for many operations. As shown, 
with three oompartments, each 9 in by 7 m by 6J in., with a 
lower chamber of sheet iron, the price is 50s. Fig. 10 is a 
useful httle hot-air oven; 6 in by 6 in is supplied at 18s 6d. 



Fig KW-— Oudixar\ Air Otis? Fia II.—Buall Oibcdlar Air 0^ rn 


Tlie small circular bath, shown in Fig. 11 (price 7s. 6d), is 
useful for many pui^ses where it is necessary to use very high 
temperatures For drying wood pulp, special water and air 
baths are used, but these are constructed on the same principles 
as the ordinary laboratory ovens, and differ only in size 

22* The Water Bath. — For many purposes in testing, such 
as the evaporation of liquids and the dissolving of substances 
m liquids, the water bath is required. It is made in several 
forms, of which that shown in Fig 12 is the most convenient. 
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It IS made of copper, with holes for basins, beakers, etc , together 
with a drying drawer For drying precipitates, and for 
evaporating purposes generally, and especially in water analysis, 
tins form of bath is a very useful piece of apparatus In 
copper, 12 in. by 9 Jin by 4 in deep, this form of water bath 
costs about 30s A cheaper form of bath is shown in Fig. 13, 
which, with movable rings, is also supplied by Messrs. Townson 
and Mercer, Price 16s in copper, Sin. diameter 

23. Gas Burners, —For laboratory purposes the different 
foims of gas burners supplied by Messrs. Fletcher, Russell, and 
Company, Limited., of Warrington, cannot be surpassed. As 
it 18 convement to have particulars of the most useful forms of 
these gas burners, several are here illustrated. 



Fin 14 — Imi'iio^kd Patpxt IJttnsms Fin IB — Tjadoratohy Dunsdn 

Buenrb. Bubneh. 


24. Bunsen Burners. — The Laboratory Bunsen (Fig 16) is 
a very useful burner. As shown, with rose, to bum 4 ft. of gas per 
hour, the price is 2a, 6d. ; witliout rose, 9d. less The patent 
safety Bunsen (Fig. 14) is the best form for boilmg purposes. 
'Plus burner will not light back, and the flame can be turned 
down to the merest flicker. The safe by burner is made in a 
variety of sizes, and at prices from 3s 6d to Ss 9d, each, includ- 
ing brass stand 
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26. The Sand Bath. — Tins bath, being easily regulutcd, 
is of gieat use m laboratory work geneially. Tliei’e are many 
processes ui analysis where a constant and efficient source of 
heat IS required which cannot be obtained by means of the water 
bath Foi evaporating liquids to dryness, and for many otlior 
purposes, the sand bath is a great convenience 

The stand for vessels will cany flasks, porcelain dishes, or 
flat-bottomed vessels of any size with perfect steadiness. The 
vessels can, by lifting the oylmder, be placed at different heights 
above the flame, whidi will burn steadily when turned down to 
its lowest pomt. When in use, the shallow tray, which fits on 
top of the cylinder, is filled with sand, and the flask, basin, or 
beaker containing the liquid to be evaporated is placed in or on 
the sand, a steady evaporation, without bumping, being the 
result The bath is supplied by Messrs. Fletcher, Rusaoll, and 
Co. in various sizes, at prices from 4;S to 17 s. each. 

26 The Muffle Furnace- —There are few works* labora- 
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tories wliicli are equipped with a mnflle furnace. For use in the 
testing of fuels, the analysis of various raw materials which 
require the determination of ash, the ignition of precipitates 
and residues of all descriptions, the muffle furnace is a great 
convenience. If possible one of these furnaces, as illustrated, 
should be installed Fig. 16 gives an external view, and Fig* 
17 shows the internal arrangement. In working this furnace, 
a good supply of gas is iiecessary If the gas supply is deficient, 
the furnace can be worked at a lower heat by partially closing 
the top of the chimney, or by working without chimney The 
points of blue flame are always visible when the burner is looked 



> III ir — MuKI I V. FlIltN UT- (Suiil\ INO lM> US \I. AUUAMIHII-AIH) 


into sideways, imless the gas supply is too small to work the 
furnace satisfactorily. To light the bui’iicr, without removing 
the top part of the furnace, put a lighted taper through the 
burner casing up between the grooves in the burner plate, and 
thou ton the gas on slowly If the tonace is hot, it may be 
necessary to covei* the air opening i^ound the gas entrance of the 
burner, to prevent the flame descending through the gauze at 
the moment of bghtmg. The burner should be kept clean. 
The price of furnace 2 ul wide, 2 im high, and 4 in. long inside 
Ruffle is 40a The whole of these burners are supplied by 
Jte^srs Townflon and Mercer. 

■11^1283, 
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27. Apparatus for Volumetric Analysis. — In volumetno 
analysis the principal pieces of apparatus used are the measuring 
flask, the burette, and the pipette The apparatus is illustrated 
as supplied by Messrs Baird and Tatlock 

28, The Measuring Flask. — Measuring flasks, with ground 
stoppers, should be obtained in the following capacities : Litre 
(1,000 c c ), half-litre (500 c.c.), 260 c c , 100 c c., and 60 c.c , 
coating, respectively 2 b 3d, la 9d., Is 6d , lOd, and 8d each. 

Plain flasks may be obtained, but for these rubber stoppers 
ai*e required, and stoppered flasks are the most serviceable. In 
using measuring flasks, it must be remembered that the capacity 
IS reckoned at 60° F., and all operations must be conducted on 



this basis. For matance, if it is desired to filter a liquid into a 
flask, make the filtrate up to 600 o.o., and then titrate a portion 
qf this quantity; the filtration may be done while hot, warm 
water used for washing, and then the volume made up with 
gold water The contents of the flask may now be quate warm, 
and, before the final adjustment is made, the fla.sk and its contents 
must be cooled This cooling may, of course, be accelerated by 
allowing cold water to flow over the flask. In making the final 
adjustment to the mark, the lower portion of the menisouB — ^the 
curve made by the level of the water in the neok must just 
touch the mark ; the top of the curve must not be used. 

29. The Pipette, — This is an instrument for measurmg off 
a definite quantity of a liquid when filled to a mark on the 
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upper end of the tube. The most useful sizes of pipettes ar^ 
60 C.C , 26 c c., and 10 c.c, Pipettes aie of two kinds — ^the bulb 
pipette for dehvermg a given volume of hqmd, and the scale 
pipette, by means of which any quantity, from one-tenth of a 
c c to 10 0 c., may be delivered The bulb pipette is used as 
follows Fill the pipette by suokmg up liquid until the mark 
on the stem is reached In practice the stem should be filled uj) 
to about an 'mch above the mark The filling is best done by 
holding the pipette in the right hand, with the first finger closing 
the suction end. Now remove the finger, apply suction, and 
when the liquid has reached the desired height quickly remove 
the lips, and as qmckly apply the first finger again, pressmg 
tightly upon the end of the tube. Now hold the pipette up to 
the light (still keeping the end closed with the finger), and 
release the pressure very sUghtly ; a drop or two of the liquid 
will flow out Allow this droppmg to go on until the level in 
the tube — ^the bottom of the ring, not the top— coincides with 
the mark on the stem. The pipette now contams 60 c.c., and 
the contents may be delivered mto any vessel in which the sub- 
sequent treatment is to be carried on. The price of bulb pipettes 
IS, 10 c.c. 6d., 25 c.c. 9d., and 50 c.c. lid. 

30. Scale Pipettes. — Scale pipettes are very useful for 
delivering small quantities of liquids The pipette is filled to 
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the mark mdicating 10 c o., and, assuming that 1 o.c, only as 
required to be dehvered, the level of the liquid is allowed to 
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sink from 10 to 9, when 1 o c has been dehrored, A scale 
pipette, with a capacity of 10 c.o. and graduated in tenths, costs 
Is 4d. 

31. The Use of the Pipette.— In emptying u pipotte, it 
is possible to mtroduce an error by improper delivery The 
instrument should be used as follows: First innse out the 
pipette with a little of the liquid which is to be measured When 
the stream of rinBrng liquid has stopped, allow the lost fow 
drops to fall, rest the pipette a few seconds on the side of the 
vessel, and then shake gently. Two or three drops will detach 
themselves. Wait a few seconds, and again shake, after which 
consider the dehvery completed. Now fill again for the measure- 
ment of 60 c c ESmpty the pipette as detailed above, allouovng 
flit same length of time to elapse m the detachment of the last 
few drops^ and carry out the process in exactly the same manner 
whenever using a bulb pipette. 

32. The Burette. — Three forms of burette are illustrated. 
Mohr’s burette, with jet and pinch cock (Fig 22), which is suit- 
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able for liquids such as acid, soda, etc; in fact, for use in acidi- 
metry and alkalunetiy The same burette, with stopcock (Fig. 
S3), ^ould be used for solutions, such as permanganate of 
potash and other reagents which would attack the rubber of 
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the pinchcock burette. The third form, Bink's burette (Fig. 
24)j IS also a very useful instrumeut, particularly for such opera- 
tions as the estimation of hardness in water 

111 using the burette, the following precautions must be 
obseived First rinse out the bui*ette with clean water, invert 
it 111 the burette stand, and allow it to drain. Then run into 
the tube a little of the solution to be used, and, inverting the 
tube, with the end closed by the palm of the hand, well rinse 
the burette, finally allowing the liquid to run through the stop- 
cock or pinchcock Now fill up to the mark with the solution, 
readmg, as already observed, from the bottom of the meniscus, 
and deliver the solution slowly into the beaker The same 
method of prooedui’e is, of course, followed when using the burette 
with glass stopcock, but m this case the tap must be smeared 
lightly with grease before using Cost of Mohr*s burettes, with 
jet and pinchcock, 60 c.o graduated in tenths, 33. 6d ; the same 
burette, with glass stopcock, 4 b. 3d. 



Fig. 28. -Bikk’b BuRarTH, 

33. Sink’s Burette. — In using Sink’s burette, first smear 
the mouth of the dehvery tube lightly with grease, in order to 
4 
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pi event drops from ruiinmg down tlie side of the burette Rinse 
out with a little of the solution to be used, and again fill up to 
the mark To deliver the liquid, take the burette out of the 
foot, and hold it in the closed hand, with the end of the fore- 
finger pressed tightly over the mouth. Now invert the burette 
BO as to introduce the delivery jet mto the flask, bottle, oi 
beaker m which the titration is bemg made, and slightly release 
the pressure, when the solution may be delivered, drop by drop, 
at any desired speed Bmk's burettes are generally graduated 
in tenths of a o c , and contain up to 60 c o. Ptioe, with wooden 
foot, 4s 6d 

34. Rose’s Crucible — This crucible is used when it is 
desired to ignite a precipitate or other substance out of contact 
with air. A rubber tube conveys a current of gas through the 
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leading tube, which fits into the lid of the crucible The gaa 
finds its way underneath the lid of the crucible, and ignites 
when a burner flame is applied. This crucible is supplied by 
Messrs. Baard and Tatlock Price 48, 

36. Beakers. — Two kinds of beakers are useful in general 
laboratory work — the ordinary wide-mouthed beaker and the 
conical beaker The former is liseful for general work, dissolving, 
boiling, etc., whilst the conical beaker is very convenient 
for purposes of titration, In some works a flask is used for 
this purpose, but a conical beaker is preferable. Conical beakers 
are also useful for many other purposes, 

36. Flasks. — Bohemian glass flasks of several sizes should 
be available for general use In the fitting up of apparatus for 
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various experiments, and for pieces of apparatus such as wash.- 
bottles, etc , they are a necessity. 

37f Funnels. — Funnels of three or four sizes, for filtering 
piu poses, and for trausfeiTing solutions to flasks, etc , are useful 
Flam funnels will be found convenient for most operations, 
though ribbed funnels permit of more rapid filtenng when 
difihcult liquids have to be dealt with. 

38. Evaporating Basins. — Two or three white porcelain 
evaporating basins of different sizes are useful for many opera- 
tions where the volume of a solution needs to be reduced. For 
tests of chlorine in water, a clean, white basin should be 
set aside for the purpose, and should not be used for anything 
else 

39. Mortars. — An iron mortar is necessary for the crushing 
of ores, minerals, and any substance of a refractory nature 
Two porcelain mortars of different sizes, and an agate mortar 
for reducing ores to an impalpable powder, are also useful 
Of course, in the works laboratory, only such apparatus as is 
absolutely necessary will be procured, but where a little expense 
IB not grudged, money spent on apparatus will be found to be a 
good investment. 

40. Sundry Apparatus. — A good supply of glass tubing of 
different sizes, glass rod, watch and clock glasses for covering 
beakers and basins, rubber stoppers and corks, a set of cork 
borers, a triangular file, and such other small pieces of apparatus 
should be provided for general use 

41. Thermometers. — Both Centigrade and Fahrenheit 
thermometers should be available — at least one of each kind. 
A Fahrenheit thermometer graduated to about 300°, and a 
Centigrade thermometer ranging up to 200°, are useful. Otlieis, 
graduated in half degrees, and with leaser ranges, are convenient 
All thermometers should have milk-glass scales; paper scales 
ore unsatisfactory. In takmg a temperature, stir the liquid well, 
with as much of the stem as possible immersed, for a few seconds 
before reading off. 

42. The Wash Bottle. — ^For many purposes it is convenient 
to use a fine jet of water, na m washing precipitates, rmsing 
out beakers, and making up measured quantities of liquid. To 
fit up a wash bottle, take a good-sized flask with a flat bottom, 
and fit it with a rubber stopper perforated with two holes. Bend 






36 


PEAOTIOAL THSTING OF RAW MATERIALS. 


a piece of glass tubing to form an air tube for the lips Into the * 
other hole fit another piece of tubing reaching to the bottom of 
the flask, and bent over the neck of the flask at the top Take 
a bit of soft tubing, heat it m a gas flame, and draw it out 
to form a fine jet ; fit this on to the bent end of the long tube 
by means of a bit of rubber tubing Fill the bottle with water, 
and, on blowing down the mouthpiece, a fine jet of water may be 
obtained for any pmpose. If hot water is required, heat the 
flask on the water bath or over a Bunsen burner 

43. Filtering — Filter papers of a good malte should be 
used, and several sizes should be kept in stock In fitting a 
paper, fold it across once, then a second time across itself, 
keeping the point shariD and well defined Open it out, and 
fit it into a funnel of such a size that half an inch margin of 
the funnel is left above the paper. Now wet the paper under 
the tap, and press it into its place ; smooth out any air-bubblea, 
and proceed to filter Keep the funnel weU filled with the* 
liquid Where a precipitate has to be separated, pour off the 
clear liquid first, then transfer the precipitate by means of a 
jet of water from a wash bottle 

44. Precautions to be observed in using Platinum 
Vessels — ^Platinum crucibles or basins must not be used in the 
Ignition of compoimds of lead, zino, antimony, tin, or arsenic 
For such substances, porcelain crucibles should he employed, 

46. Ignition of Precipitates.— Precipitates are ignited m 
two ways . (1) Apart from the filter paper, and (2) with the 
filter paper After filtering, allow the precipitate to drain for 
a few minutes in the funnel, then carefully lemove the paper, 
and spread out on a clean clock glass; tap the glass on the 
bench to distribute the wet precipitate evenly, and dry on the* 
water bath When fairly dry, remove to the water oven, and 
continue until quite dry. 

( 1 ) Preci^itait and filter 'paper 'ignited together — ^Pold 
the precipitate up in the paper m such a way that the precipitate 
is m the centre. dean and weigh a porcelain or platinumi 
crucible Into this place the folded-up precipitate, and heat 
over a Bunsen burner gently. Allow the paper to bum off, 
then increase the heat, and igniLe until all combustion ceases. 
Keep at a dull red heat for about ton minutes ; remove to the 
desiccator, and weigh when oold Again ignite for a few minu^es^v 
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•cool, and weigh. If any loss is radicated, ignite again, and 
obtain a third weighing. Continue the ignition until the weight 
IB constant 

(2) Precipitate igmted apart from filter paper . — ^In some 
oases it is necessary to observe this precaution, where the ignition 
of the paper might have a reduomg effect on a metal contained 
in the precipitate Dry well in the water oven j prepare a weighed 
crucible, and carefully transfer the dried precipitate Kub the 
folds of the paper gently together, lettmg the precipitate fall 
into the crucible Brush off the fragments loosely adhering 
with a soft brush. Now take the filter paper and roll it into a 
loose ball. Wrap around this a length of stout platinum wire, 
leaving a length of about three mohes uncoiled Hold the wire 
cage over the crucible, placmg a sheet of glazed white paper 
underneath Take a Bunsen burner without the rose, and, 
holding the flame m a horizontal position, mtroduce the filter 
paper. Light the paper, allow it to bum off, and then hold the 
whole in the flame until completely ignited. Tap the cage on 
the Bide of the crucible, and the precipitate with the ash of the 
paper will fall The ignition is then completed as described 
above 

The Ash of the filter pape) —If a good quality of paper 
IS used the ash of each paper will be found marked on each packet. 
If a very accurate analysis is required, this figure is deducted 
from the weight of the precipitate + filter paper For approxi- 
mate tests it IB often neglected 


STANDARD SOLUTIONS 

40^ — Standard solutions, upon which the system of 
^ollLtnetrlO analysis is based, may be either bought, or made up 
in the laboratory In many works no attempt is made in the 
direction of preparing standard solutions, and the solutions 
required are obtained from the laboratory furnishers This is 
a very convenient method, especially when small quantities of 
the various solutions only are consumed , but it is often advisable 
to make up standard solutions in the laboratory, and accordingly 
simple instructions for the preparations of the principal solutions 
are here given. 
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In Sutton^s “Volumetric Analysis” we are told that 
“ volumetric analysis, or quantitative chemical analysis by measure, 
m the case of liquids and solids, depends upon the following 
conditions for its successful practice: (1). A solution of the 
reagent or test, the chemical power of which is accurately known, 
called the ‘ standard solution ' (2). A graduated vessel from 

which portions of it may be accurately delivered, called the 
^burette.’ (3). The decomposition produced by the test solution 
with any given substance must either in itself or by an indicator 
be such that its termination is unmistakeable to the eye, and 
thereby the quantity of the substance with which it has combined 
accurately calculated” 

The burettes, pipettes, and flasks used in volumetric analysis 
have already been described and illustrated The standard 
solutions most used in the commercial testing are as follows • — 

47, Normal Sodiiim Carbonate.— (63 gm (Noa CO 3 ) per 
htre) Weigh out accurately 63 gm pure anhydrous sodium 
carbonate, place in a beaker, and dissolve over the water bath 
in distilled water, stiiTing constantly with a glass rod until 
dissolved When completely dissolved, transfer to a litre flask, 
and make up to the mark, finally adjusting the solution when 
cold 

48, Normal Sulphuric Acid. — (49 gm HaS04 per litre.) 
Measure off about 30 c c of pure sulphuric acid into a beaker, 
into which has been placed a little distilled water. Mix well, 
transfer to the litre flask, and make up to the mark when 
cold Titrate 10 c.c. of the solution against the sodium carbonate 
solution already made, and note the quantity reqmred to neutralise 
the 10 0 c. of acid. If more than 10 co. are required, the acid 
IS too strong, and the solution must be diluted until 10 0 c. of 
acid exactly neutralise 10 0 c. of sodium carbonate solution. 
The acid should be noode up a little too strong in the first place, 
os it IS most convenient to dilute the solution 1 c.c. of acid =* 
0 049 gm. H2SO4. 

49, Normal Hydrochloric Acid— (36*6 gm. HCl. per 
litre) Make a solution of pure hydroohlorio aoid of r020 
s 5 )ecifio gravity (4° Tw ). This will be a solution stronger than 
normal. Titrate 10 0 0 . agE^st the standard sodium carbonate 
solution, and dilute until 10 o.oi of the acid exactly neutralise 
10 O.C. of the carbonate solution. 
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60. Normal Nitric Acid.— (63 gm, HNOa per litre ) Make 
up a solution of pure nitno acid of such a strengtli that it 
exactly oorresponds to the standard sodium carbonate solution 

61. Normal Oaustic Alkali. — For this solution pure 
sodium hydrate made from metallic sodium should be used 
Dissolve about 42 gm of this m a little less than, a litre of 
distilled water. Titrate 10 c.o of the solution against the 
normal acid, and adjust until 10 co of acid exactly neutralise 
10 c c. of caustic tlkali 

62. Decinormal Potassiiim Permanganate Solution — 

(3*18 gm. per litre.) Weigh off 3*18 gm of pure and dry crystals 
of potassium permanganate, and dissolve in a litre of water 
This solution should be standardised by titrating against a 
decinormal solution of oxalic acid, made by dissolving 6 3 gm. 
pure oxalic acid in a litre of distilled water. 

63. Arsenious Acid Solution for Available Chlorine — 

(13*96 gm Asa 0 ^ per litre.) Weigh off accurately 13*96 gm of 
pure re-sublimed arsenious oxide Dissolve this, m a beakei, 
with caustic soda solution Add distilled water, acidify with 
hydrochlono acid when cool, make the solution up to a litre 

64. Normal Oxalic Acid — (63 gm Ca 04 Ha 2 Ha 0 per litre.) 
63 grammes of pure orystalhsed oxalic acid dissolved m a litre 
of distilled water. 

66. Decinormal Nitrate of Silver — (17 gm AgNOa per 
litre.) Weigh off 17 gm of pure and dry crystals of silver 
nitrate, and dissolve in a litre of distiUed water 1 co of 
this solution = 0*00366 gm of chlorine. 

66. Standard Solution of Ammonia for Neuslerizing. — 

Dissolve 0 0316 gm of pure sublimed sal-ammomac in a litre of 
ammonia-free water, loo, of solution » m. gm (0 00001) 
of NH..J. 

67. Alkaline Permanganate Solution for Water 
Analysis — Dissolve 8*0 gm. of crystals of pure potassium per- 
manganate, and 200 gm stick caustic potash in a litre of 
ammonia-free water 

68. Soap Solution. — Dissolve 10 gm. pure Castile soap in 
600 c.c methylated alcohol and 600 o c distilled water. Allow 
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the solution to settle for a week or ten days, and check by the 
chloride of calcium solution. 

69. Chloride of Calcium Solution.“-DiBaolve 1*11 gm of 
pure diy calcium chloride m distilled water, and moke up to a 
litre 

60. Nessler Reagent — Weigh off 36 gm of potassium 
iodide and 13 gm mercuric chloride Place m a large beaker, 
and heat almost to boiling. Add a cold, saturated solution of 
mercuric chloride, adding drop by drop until a red precipitate 
is ]U8t permanent To this solution add 160 gm of stick caustic 
potash, or 120 gm of stick caustic soda (pure by alcohol), and 
dilute the whole to a litre Fmally adjust by adding a little 
of the cold satm'ated solution of mercuric chloride, until the 
solution has a famt brownish-yellow colour — it must not bo 
colourless , 2 c.c, of the re-agent should give a distinct colourar 
tiou with 1 c c of the standard solution of ammonium oliloride 
(See paragraph 66 ) 

61. Standard Iron Solution — Weigh off exactly 1 gm. of 

pianoforte wire, dissolve m pure sulphuno acid, and moke up to 
a litre with distilled water Label this “Stock Solution’^ Of 
this solution take 10 c c exactly, and malte this up to a litre 
with distilled water. Label this “ Standard Solution ” 1 c o of 

standard solution = 0*00001 (yStj- of a milligramme) of metallic 
iron. 

62. Litmus Solution. — ^Powder coarsely 6 gm. of htmus 
Place the coarse powder in a beaker, add about 200 c.c. of dis- 
tilled water, and digest foi four hours When the sediment 
has settled to the bottom of the beaker, pour off the clear liquid. 
To this add a little dilute nitric acid, drop by drop, until the 
litmus solution is of a violet colour. Pierce a stopper with a hole 
in the middle, mto which insert a piece of glass tubing long 
enough to reach the bottom of the bottle in which the solution 
is kept When required, the solution is withdrawn by pressing 
the finger on the end of the tube, withdrawing the cork and 
tube, and dropping out as much as is required of the solution. 
Acids turn litmus solution, or litmus paper, from blue to red. 
Litmus should not be used where carbonic acid is present. 

63. Methyl-Orange,— Dissolve one gtamme of methyl- 
orange in a little niethylated spirit Hake the solution up to 
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a litre witli a mixture of equal parts of methylated spirit and 
water. Alkalies change the colour of methyl-orange to yellow, 
in presence of acid the colour is changed to red Methyl-orange 
is not affected by caibomo acid 

64. Phenol-Phthalein. — Dissolve m methylated spirit as 
in last paragraph When phenol-phthalem is added to an 
alkaline solution the liqmd takes a bright red colour , this colour 
is removed completely when acid is added Carbonic acid and 
ammonia affect the use of this indicator 

66. Indigo Solution. — Indigo dissolved in strong sul- 
phuric acid and diluted 

66. General Reagents. — All the reagents used in testing 
should be pure Acids and ammonia are generally diluted to 
one-third strength for ordinary purposes j other reagents are 
made up mto saturated solutions Solids should be kept m 
tightly-corked bottles with wide mouths All reagents should 
be plainly labelled 
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CHAPTER III. 

The Testing of Fuels. 


67. Fuel Testing. — The commoroiol testing of fuels must 
be regarded, not so much as an exact analysis, as a 
means of comparison of the different sources of supply which 
are open to the manufacturer. In considermg the subject for 
the purpose of this manual, it is assumed that the need of the 
consumer is to be able to discriminate, when placmg his con- 
tracts, between various ^ samples, say, of sIelcIi, which may be 
offered to him. Or, agam, he may not be satisfied that he is 
gettmg the best value for the money he is continually paying 
away for fuel. What is his remedy? There is the weekly con- 
sumption under the boilers, of course, which ought to show 
whether his fuel is economical, but he may not have the neces- 
sary data even to compare these figures. Again, he may change 
his supply, and place a contract with another mine, but it does 
not follow, although that mme may have a reputation for pro- 
ducing better fuel-raasing slack than the previous one, that, 
therefore, hia fuel bill will show a decrease A little juggling 
on the part of the boiler attendants may neutralise any reform 
which the manufacturer may seek to effect, especially when 
there is a sSoret commission paid to the man who has control of 
the coal burning. 

Thus the consumer is driven to the fact that the ottdy 
in which to ascertain the real value of his fuel supplies is to 
resort to chemical analysis of the fuels themselves. Take^ as 


an instance, ten samples of slock, each of which is supposed to 
be equally good for steam raising It is quite poflsdHe 
out of the ten samples, one may show several times 
than the others This high percentage of ash at ono^ 
the particular sample. The same oonsiderotiods^ 
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witli respect to the other constituents — ^moisture, coke, &ced 
carbon, and volatile matter 

68. Sampling^ Goal, Coke, &C. — A fair average sample 
must be carefully di'awn Tins may be beat accomplished by 
taking a shovelful of the slack from various portions of a load, 
and placing the selected paiii on one side. A liberal number 
of such samples should be taken, and a cone-shaped heap formed 
Now proceed to deal with this large sample by what is known 
as tlie process of quoi’tering Flatten the top of the heap, and 
divide iL by a hue through, and then another at right angles to 
the first. The conc‘-shaped heap of slack is now divided 
louglily into four quarters Take two of these, from opposite 
sides, and sliovel the selected quarters into a fresh heap, rejectmg 
the remainder altogether Now form a second cone-shaped 
pile, again flattemng at the top. Divide this into four^ quarters 
as before (a piece of board is a good instrument for marking the 
divisions) ; take two opposite quarters and separate them, again 
clearing away the rejected portion. Repeat this operation, 
mixing well each time, as often as may be necessary in order to 
1 educe the original lieap of slack to a sample of a few pounds, 
when it is ready for further treatment in the laboratory. Take 
tlie sample obtained as above, and spread it out on a sheet of 
stout paper on a good large table, and prepare the coal for 
analysis. 

69. Moisture. — The moisture test may be made on the 
sample before further treatment Well mix the sample, and 
place a quantity into a large mortar. Crack the lumps, and 
reduce the whole to pieces about the size of a pea, but do not 
powder the coal. Now weigh out, on the rough balance, 100 
grammes of the roughly-crushed sample. Take a sheet of white 
glazed paper, and, by folding over the edges and comers, form 
tt simple tray. Place the 100 grammes of coal in this tray, and 
dry in the water oven at 100^^ C., weighing m two hours After 
a time, coal begins to gain weight by oxidation, and the sample 
should therefore bo weighed at short intervals, the lowest weight 
being the dried weight of the sample. The loss on drying gives 
the percentage of moisture contained in the coal ; for instance, 100 
gm. of cool weighs, after drying, 93 24 gm. j the moisture con- 
tained in the sample is therefore 6*76 per cent 
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70. Ooke. — After weighing off the 100 gm for the moisture 
test, further reduce the sample by quartering, after crushing lu 
the mortar, until only a small sample is left — about 200 gm This 
should be reduced to a very fine powder, and placed in a tightly- 
stoppored sample bottle, for use in the estimation of the 
coke, volatile matter, and ash 

Foi the estimation of the ooke, weigh off accurately, on the 
analytical balance, 2 gm. of the powd^ired sample Dry and 
weigh a platinum crucible, with lid, into which place the 2 gm. 
of coal Heat the crucible, with the lid almost, but not quite 
in its place, over a powerful Bunsen burner, the flame of which 
should be kept at a constant height In Lunge and Hurter’s 
Alkali Makers’ Pooketr-book ” a height of not less than 7 inches 
is specified. The crucible should be supported on a pipe-clay 
tiiangle fixed on a tripod stand, the crucible being inclined at 
an angle. The heating should be continued for a definite length 
of time A good plan is to heat for four minutes without the 
lid being quite fixed in position on the crucible, then for a 
further four mmutes with the lid in place In makmg tests of 
a number of samples of fuel, the position of the crucible, the 
height of the flame, and the period of heating must be uniform 

After the heating has been earned on for the requisite length of 
time, remove from the flame, cool under the desiccator, and weigh. 
Assuming the weighings obtained are as follows : Residual coke, 
from 2 gm sample, I’lO; thus the percentage of coke will 
be 1 10 X 60 = 65 0 per cent , while the volatile matter is, of 
course, obtained by subtraction of the coke percentage from 100 — 
that 18 , 100 0 - 65*0 = 4B 0 per cent. 

71. Estimation of Ash — In the estimation of the mineral 
matter or ash contained in the coal, it is necessary that the 
sample should be very finely ground If the method of procedure 
outlined above be followed, the sample, which has been placed in 
a stoppered bottle, will already have been reduced to a fine 
powder, and this will be sufficiently fine for the estimation of 
the ash 

Weigh off 1 gm. of the finely-powdered coal. Place this in 
a carefully weighed platinum dish or crucible, and ignite in the 
muffie furnace. In the first stage of ignition, the furnace having 
been heated to dull redness, place the dish ^ntainlng the coal 
at the mouth of the muffle, so as first of all to drive off tiie 
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volatile matter at a low temperature. Now introduce the dish 
further into the muflie, and keop at dull redness until the ash 
has assumed a grayish appearance. This may be ascertained by 
taking out the disli at mtervala by means of the crucible tongs, 
allowing to cool, and stirring about the ash with a stout platinum 
wire, taking care that any fragments adhering to the wire 
are brushed off into the dish When the ignition appeal's to be 
complete, and the whole of the residual ash has assumed a 
grayish colour, remove the dish to the desiccator, allow it to 
cool, and weigh Eeturn the dish to the furnace, resume the 
ignition for a time, cool, and agam weigh. If any loss has taken 
place, this operation must be repeated until the weight obtained 
IS constant. 

In the estimation of minei'al matter in coal it is very 
important that the ignition should be complete. As only 1 gm. 
of the sample is taken for the purpose of the test, it wiU at 
once be seen that, should the ignition not be complete, the error 
so introduced may quite easily be a grave one. In fact, cases 
have occurred where, m a works in. which this test had very 
rarely been performed, an incomplete ignition of the sample of 
coal gave results which were utterly absurd. The works chemist 
had been instructed to test the slack which was being consumed 
for steam-raising purposes, and his method of procedure was 
as follows He took a piece of the coal weighing about 60 gm , 
and, without any preliminaiy crushing of any description, he 
placed the sample into a good-sized crucible, and ignited over 
a feeble Bunsen burner until he obtained a very uncertain form 
of residue. When the mineral matter was calculated on 
the basis of this test, the percentage was so very high that it 
was plain that the test was utterly valueless, and when it was 
repeated by a proper method, the difference was so great as to 
emphasise the necessity for a reliable and accurate test being 
placed m the hands of works chemists who are only called 
upon occasionally to teat the fuel in the mill; therefore, it is 
not too much to again emphasise the necessity for ensuring 
thorough ignition of the sample when estimating the mineral 
matter in any given coal. A muffle furnace is best suited for 
the estimation of the ash, but a strong Bunsen burner will 
answer the purpose ; the ignition will, of course, occupy a longer 
time. 
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The calculation of the percentage of aeh from the figui’es 
obtained as above is very simple If 1 gm. of fuel la used for the 
test, and the residue weighs 0*032 gm , then the percentage of 
oah in the fuel is 0 032 x 100 = 3 20 per cent At least two 
estimations should be made, and the average of the results taken. 

72 Sulphur in Coal and Ooke. — Weigh ofE 2 gm. of the 
finely powdered coal Mix with twice the weight of a mixture 
of two parts of calcined magnesia and one part sodium carbonate 
(anhydrous) Place the coal and fusion mixture m a platmum 
crucible, and stir well witb a dry glass rod or a stout platinum 
wire. Fix the crucible in a slanting position on a pipe-clay 
triangle, and heat over a burner, so that the bottom part of tho 
crucible is brought very gradually to dull red heat Continue 
the ignition for about an hour Allow to cool, and poui* hot water 
on the mass Wash the whole into a beaker, and Eidd a little 
bromine water Boil, filter, and wash well with hot watei 
Acidulate the filtrate with hydrochlono acid, boil to drive off 
all the bromine (until the liqmd loses colour), and precipitate 
with hot banum chloride solution Allow the liqmd to stand 
for 30 minutes, poui’ off the clear liquid through a filter, boil 
with fresh hot water (about 80 or 100 o.o ), stir up the preci- 
pitate, and filter off the hquid again Repeat this three times, 
then transfer the precipitate to the filter, and wash until free 
from acid Allo-w the filter to dram, transfer to a clock glass, 
dry on the water bath, fimishing off in the water oven, and ignite 
the precipitate as follows . Clean, dry, and weigh a porcelain 
crucible. Brush off the dried precipitate into this. Take the 
filter paper, and roll up mto a loose ball ; coil around this a 
piece of stout platinum wire Place the crucible on the bench, 
hold the ball of filter paper over the “crucible, and ignite m the 
flame of a Bunsen burner (without the rose), held in a horizontal 
position Heat until the paper is consumed, shake off the ash 
into the crucible, add one drop of strong sulphuric acid on the 
ash of the paper, and ignite strongly over a Bunsen burner or 
m the muffle furnace. Cool under the desiccator, and weigh. 
Igmte agam for ten mmutes ; cool, and weigh again One part 
of barium sulphate = 0*13734: parts sulphur. 

73. Oftsiflcfttion ^a»lii 0 of Goal, — It is sometimes required 
to know what volume of gas, coke, tar, ammonioal liquor, etc , 
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can be obtamed from a sample of coal. This may be ascertained 
as follows : — 

The moisture, sulphur, and ash having been estimated as 
already described, prepare a fresh working sample by well mixing 
the roughly crushed coal, and selecting a portion, as directed, by 
quai'tering. Bieak this up into pieces about the size of a pea 
Ten grnnniies of the coal forms a conveinent quantity for the 
test 

Take a length of combustion tubing, and pack the coal in 
loosely, having sealed one end of the tube. Tlie other end is 
drawn out somewhat, and the end turned down so as to dip 
into the neck of a small flask immerBed in a beaker of cold water. 
This flask wiU contain, after the test, the tar and ammonical 
liquor yielded by the sample of coal From the flask a delivery 
tube IS taken to the top of a large aspirator, provided with a 
water gauge, to regulate the pressure of the gas coming from the 
combustion tube The aspirator should he fitted with a run-off 
cook at the bottom 

The heat necessary to gasify the coal is preferably supplied 
by means of a combustion furnace If this is not available, a 
row of Bunsen burners, arranged at reguloi’ intervals along the 
length of the tube, will suffice for the purposes of a rough test. 

The coal having been carefully packed into the combustion 
tube, arrange the burners for heatmg; moke all connections 
with the aspirator, and fill this with water Wlieii all is ready 
light the burner nearest the condensing flask, and com m ence 
heating up the tube very gradually. Hie gas will immediately 
come off, and one of the bulbs of the gauge will bo depressed 
Now open the run-off tap of the aspirator, and run out sufficient 
water to restore the level of the two bulbs of the gauge The water 
must be drawn off very slowly, drop by drop, and the heatmg 
must be so regulated that this can easily be done. After a 
time the other burners may be started, keeping the flames down 
very low at the commencement, so as to secure a slow and uniform 
evolution of gas, and a proper ooiidonsation of the tar and water, 
which will condense in the cooled flask. Continue the heating 
until the emission of gas ceases, measuring the water as it is 
collected When the gasification is complete, disconnect the 
apparatus, weigh the tube containing the residual coke, also the 
flask containing the tar and water, and record the volume of 
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■water taken from the aspirator The figui’es thus obtained will 
show the volume of gas which may be obtained from the coal, 
•with the quantities of tar and ammoma water, and the percentage 
of coke which would result from the carbonising. 

The teat sis descnbed here is, of course, only designed to give 
approximate results By its use, however, a fairly accurate 
estimate may be obtained of the gasification value of a sample 
of coal. 

74. The Oalorific Value of Fuels — The oalorifio value of 
fuels IS ascertained by means of an mstrument called a calori- 
meter The apparatus here illustrated, which is supplied by 
Messrs Baird and Tatlook, of London, is that known as Dr* 
Lewis Thompson's solid-fuel calorimeter 


D 



Fia. 26 — Db. Lewib TnoMPBON’B Caloeimptbb. 


The principle of the instrument, briefly stated, is as follows : 
A weighted quantity of the fuel is mixed with oxygen-yielding 
substances such as nitrate and chlorate of potash The mixture 
IS then placed in the apparatus and ignited, the products of 
combustion being passed through a measured volume of water. 
The rise in temperature of the water during the operation 
indicates the calonfio value of the fuel under examination. 

For the purpose of the test, the finely-powdered coal, prepared 
as already descnbed, is taken Two grammes are weighed out 
and mixed with 20 grammes of a mixture of po'taasium chlorate 
and potassium mtrate m equal proportions. The mixture of 
coal and potassium salts is then introduced into a cylindrical 
vessel of copper, called a “furnace,'* and this iumaoe is placed 
m the socket of a metal plate, wMdh is fitted with springs 
capable of clutching the bottom of a oylifi(Jrloal oopper bell, f^ojn 
the upper part of which extends a fong .'tiibe, clpsed by 
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a cock When the powder has been packed into the furnace, 
a piece of fuse, made by soaking cotton wick in nitre solution, is 
inserted and lighted The bell is now forced down upon the 
spnngs of the base jilate, and the whole is immersed in the 
cylinder, which contains 2,000 c.c. of water at 15‘6°C Combus- 
tion ensues Allow the combustion to be completed, leave the 
apparatus immersed in the water for a little time, and then open 
the stopcock and admit water into the apparatus. Work the 
calorimeter up and down in the water several times, and observe 
the temperature of the water with a delicate thermometer 
Tlie calorilio value of the fuel tested is then calculated from 
the rise in temperature of the 2,000 grammes of water. For 
example — 

Weight of fuel taken . . . 2 gm. 

Temperature of water belore combustion . 15 5° 

Temperature of water after combustion 20 

Rise in temperature . 5 3^ 

Heat absorbed by apparatus . 10 per cent. 

Then, 6 30 + 0’63 - 6*83 x 1,000 = 5,830 = calorific value of fuel. 

Tlio beat absorbed by the apparatus is talcen as being 10 
per cent The calorific value of a fuel as obtained by this 
apparatus serves as a very reliable basis of companson when 
considering the relative merits of a number of different samples 
of fuel When the moisture, coke, volatile matter, and ash are 
estimated, as already described, they yield very good figures for 
comparison, but when the actual calorific value of a fuel is 
ascertained by means of a calorimeter, the problem is considerably 
simplified, and, whore systematic testing of fuels is undertaken, 
a Thompson's calorimeter is a good investment. The apparatus 
as described is used by the Government authorities and railway 
companies for the purposes of comparing the relative commercial 
value of coals for which they contract, and may safely be 
commended to the attention of the Large user of fuels 

LIQUID FUEL 

76. Flashpoint. — The flashpoint should be estimated as 
described in paragraph 28 Oil or other liquid fuel which has 
a low flashpoint will, of course, require greater care in storing, eto. 

6 
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76. Calorific Value. — Tho calorific value of liquid fuel is 
estimated in the same manner as in the case of solid fuel (aeo 
paragraph 74) Tlie liquid, carefully weighed, is mixed with a 
small quantity, say 2 gm , of dry kaolin, and tho estiinatiou 
carried out in the same way as with a solid fuel. If the com- 
bustion is diflcult to start, a little powdered coal or gunpowder, 
the calonfic value of which has been carefully ascertained, may 
be added before ignition, and the correction for this addition 
must be made when calculating out the result. 

76a. Specific Gravity. — This is estimated by means o£ tho 
Westphal balance (paragraph 18). 
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CHAPTER IV. 

Miscellaneous Chemicals. 

SULPHUEIC i-CfED 

77- Specific Gravity. — The speoifio gravity of sulphurio 
aoid IB generally ascertained by the use of the hydrometer. (See 
paragraph 17 ) It may be ascertained more accurately by actual 
weighmg, as described in paragraph 19. In this latter case 
great care must be taJten in the weighing operations, and the 
outside of the specific gravity bottle must be carefully freed from 
any acid which may have run down the sides. 

78. Real Sulphuric Acid. — The percentage of real sul- 
phuric acid in a sample of vitriol is estimated by titrating a 
measured volume with standard soda solution Ascertain the 
speoifio gravity of the acid by means of the hydromotei: , then 
measure off 10 c.o with a pipette (this must be carefully done, as 
it IS very easy to draw up the aoid mto the mouth), and dilute the 
10 0.0. to 100 0.0, Pipette off 10 c c, of this diluted solution, and 
titrate with normal sodium carbonate solution, using methyl 
orange as mdioator. In malcing this titration, a rough test 
should be first made, as follows : Take 10 o c of the diluted 
solution in a conical beaker, and add about 20 o o. of distilled 
water, together with two drops of the methyl orange, by means 
of a short length of glass tubing. Fill up the pmohoook biu^tte 
(Fig, 22) with the standard soda solution, and adjust to the mark. 
Holdmg the beaker under the burette, press the pinohcook, and 
run in the solution, drop by .drop, shaking all the time. As 
each drop reaches the alkalme solution m the beaker a reddish 
colour will appear, disappearing immediately on shaking. By 
using the pmohoook burette, the delivery of the soda solution 
may be very easily regulated. When the point of neutralisation 
is almost reached, the reddish praduoed by the idfope 
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soda solution ■will become less and less pronounced, and a 
distmctlj yellow colour will take its place Tlio addition of tlio 
soda must be continued until this colour is permanent, as, until 
this is the case, the solution in the beaker is still acid. Tliis 
may easily be seen by testing with a blue litmus paper. 

Now note the number of o.c. of standard soda solution which 
have been used Empty out the contents of the beaker; rinse 
several times with tap water, fill up the burette with soda solution 
agam, pipette off a second 10 c c of the acid solution, and repeat 
the titration In this second test, the number of o.c. being 
known approximately, the soda solution may be steadily added, 
with constant shakmg, until the point reached in the rough tost 
IS reached within one or two co Now complete the addition 
drop by di'op, and watch very closely for the change of colour. 
Wlien this is reached, note down the number of o.c of soda con- 
sumed, and repeat the titration a third time. The two last 
titrations wiU generally agree very closely , if there is a slight 
difference, the mean of tlie two readings may he taken. 

The calculation of the percentage of real sulphuric acid from 
the figures obtained as above is as follows — 


4 9 X c c. soda solution taken 
speoifcic gravity 


% real sulphuric acid. 


79. Lead. — ^Dilute a little of the acid with water Add a 
solution of potassium chromate If lead is present a bright 
yellow precipitate of lead chromate will be formed. 


80 Iron. — Take a little of the strong acid and oxidise with 
mine acid Dilute with distilled water, and cool. Now add 
potassium sulphocyanide solution If iron is present in the acid 
a red colour will at once result 


81. Arsenic. — ^Take 10 o c of the strong acid, dilute it with 
water, and pass a current of sulphuretted hydrogen gas through 
the solution If arsenic is present, a yellow precipitate or sulphide 
of arsemc will at once be thrown down 


Ar%emc is present — sometimes m considerable proportions— in 
sulphuric acid which has been made from pyritesj has not 
been purified / In acid made from brlfustcm© it seldom 
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been purified by -treatment with sulphuretted hydrogen (which 
IS the usual process employed for this purpose) it will contain 
arsenic m more or less degi-ee If arsenic-free acid is required, 
this should be distinctly stipulated m contractmg, and the 
deliveries should be kept under control by constant testing The 
detection of arsenic in sulphuric acid is a very simple operation, 
and can be quickly carried out. If sulphuretted hydrogen is 
not readily available, then ammonium sulphide solution may be 
used. This reagent ^vill give the same characteristic yellow 
precipitate if arsenic be present. 


82. Sulphuretted Hydrogen Apparatus.— A handy and 
easily-prepared apparatus for the generation of sulphuretted 
hydrogen gas for the above and other similar tests where this 
gas IS employed, is made by takmg a good, large aspirator of 
about 2 litres, with a tubulure at the bottom, and with one 
neck Fit a rubber stopper to the tubulure so as to close it 
tightly. Into the neck fit a rubber stopper, pierced with two 
holes Through one of the holes a piece of glass tubmg, bent 
at right angles, is fitted, and connected by means of a rubber 
jomt to the delivery tube for the gas Into the other hole a 
thistle funnel is fitted, reachmg down beneath the surface of the 
liquid m the apparatus when in use. When the gas is required, 
a charge of sulphide of iron, broken up mto small pieces, is 
placed in the vessel ; water is added to the depth of about two 
or tliree inches, and the thistle safety funnel adjusted so that the 
end is sealed by the water Now run a little strong acid down the 
fuiniel, give tlie apparatus a shake, and in a few seconds the 
current of gas will begm to be evolved. Insert the end of the 
delivery tube in the solution to be tested, and allow the gas to 
bubble through. If arsenic is present, a yellow precipitate will 
immediately fall After use, the sulphuretted hydrogen apparatus 
should be washed out by filling with water through the neck, 
and running it out through, the tubulure at the bottom Repeat 
this washing several times to remove the acid, and leave two or 
three iuoheB of water m the apparatus, which is now rC&dy for 


use again. 

83. Nitrons Acid — Make a solution of four grammes of 


pure dlphenylamine m pure, strong sulphuno aoid, which must 
be free from nitrogen compounds ; to ensure this, boil the twrid 
with a little sulphate of ammonia. To 109 aoid add 10 
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water, and in this solution dissolve the diphenylamme Place 
2 c c of the acid to be tested in a test tube. Down the side of 
the tube allow 1 cc. of the diphenylamine solution to run, so 
that the two liquids form two separate layers. If nitrogen com- 
pounds are present, a bright blue colour will appear where the 
two liquids meet. If dilute acid is being tested, reverse the 
order of mixing 


BLEA.CHING POWDER 


84. Jn many industries where large quantities of bleaching 
powder (and bleaching liquor) are constantly used — and particu- 
larly m the paper trade, the bleaching and dyeing trades, and 
many others — ^it is most important that a constant check should 
be kept on the strength of the deliveries. In some mills, how- 
ever, very little testing is done of the supplies of bleaching 
materials, with the inevitable consequence that the articles are 
seldom up to the proper strength, with a corresponding loss of 
economy in workmg. 

Bleachmg powder is generally sold as containing from 36 
per cent to 36 per cent of “ available clilorine,*' and this is the 
constituent which should be estimated in testing the material. 
This point is not infrequently lost sight of by consumers of 
bleachiug powder, who often have an impression that the strength 
of the powder is indicated by the specific gravity of the solution 
obtained from it. This is a very erroneous idea. The specific 
gravity of a solution made up from bleaching powder may be 
greatly afieoted by the admixture of some useless soluble sub* 
stance such as common salt, which has no bleaching value, but 
which heightens the specific gravity of the solution. The 
Twaddell hydrometer may be safely used in testing the strength 
of the working bleach liquor, aft^ the bleaching powder Itself 
has passed the chemical test here described ; but for the purpose 
of estimating the strength of the powder itself, the use of the 
hydrometer is unreliable. 


86. Sampling Bleaching Pow(ler — ‘Wiiea a 
bleaohmg powder is received, it sho^d^ saixqpled 
precaution is especially necessary in ^ 
strength ^f bWph rapidly d?c^a io ^ ^ 

For instooe, a ddivegry wl^^b' 
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chlorine when leceived, after two days indicated only 35 J per 
cent, and after a fui’tlier two days the figure was 34 J per cent ^ 
while after the lapse of a week the strength of the consignment 
was only a little over 33 per cent This was in summer, but 
the %mmed%at& sampling of deliveries of bleach is a matter which 
should not be neglected. 

Assuming that thirty casks of bleach have been received, it 
IS a good plan to sample alternate casks Tliese are generally 
numbered consecutively, and a note should be made of the 
numbers, and any other marks, such as the brand, with the date 
of delivery and the date when sampled If only a few casks 
are to be tested, say ten or a dozen, it is for safer to sample 
each one; the sample thus obtained is much more reliable than 
when, as is done m some mills, only three or four casks are 
taken, no matter how large the consignment which they are 
supposed to represent. 

Taking the instance mentioned of a thii*ty-caalc delivery, 
take the numbers of marks, as indicated, of each cask in the 
parcel. Tlien proceed to sample each alternate cask For this 
purpose a large auger is necessary, and also a brace with a bit 
of a suitable size. The casks should be on their sides, m such 
a position that the ends are readily accessible, and the samphng 
should be done from the end After boring a hole m the head 
of the cask with the brace and bit, clear away the splinters of 
wood, insert the auger, and work it in up to the handle, twist it 
round once or twice, withdraw the mstrument, and empty the 
contents on a sheet of stout brown paper spread out on the floor. 
Kepeat this operation with each of, the casks which are to be 
sampled, taking core to penetrate as far as possible into eaoli 
one. Having sampled the whole of the casks, well mix the heap 
of powder thus obtained, throwing out any bits of wood, and 
crushing any lumps Alter thoroughly mixing, take three clean 
and, dry sample bottles, each holding about from four to eight 
ounces, and place them close together on the sheet of paper con- 
taining the sample Now take a handful of the bleach, and shake 
it over the bottles, so that a portion drops into each alternately, 
the rest, of course, falling on the paper Repeat this until the 
whole of the pile has thus been re-sampled, and the sample 
bottles are full, then insert tightly-fitting conks into the bottles, 
and the sample is ready for testing. If a reference sample is 
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required, seal one of tlie bottles, and label it 'witb all the par- 
ticulars — date, brand, number of casks, etc 

The points to be obserred in somplmg a parcel of bleaching 
powder are • (1) A good number of casks should be taken for the 
test, (2) the sample should be taken from a point os far down 
the cask as possible, and for tliis purpose a long auger is 
necessary; (3) the sample so taken must be well crushed and 
thoroughly mixed before the sample bottles are filled, and the 
sample sifted through the fingers when :^ling the bottles. 

86. Estimation of Available Chlorine in Bleaching 
Powder. — The apparatus necessary for this test is as follows 
A white porcelain dish, a 10 c.o burette, with glass stop cook and 
graduated m tenths of a c c., a Bmk’s bm'ette holding at least 
20 c c. (Fig 23), standard solution of arsenious acid, solution of 
mdigo, glass stirring rod (hooked end), large porcelain mortar 
and pestle, and a 500 c.c stoppered fiask 

Weigh off 10 gm of the well-mixed sample of powder, place 
m the mortar, add a little distilled water, and grind up into a 
cream Allow to settle for a few seconds, and pour off the liquor 
through a funnel into the 500 c c flask Now add a further 
quantity of water, again grmd up thoroughly, allow to stand for 
a few seconds, and again pour off the liquor into the flask 
Repeat this operation xmtil about 200 or 260 c c of liquor has 
been transferred from the mortar to the flask, then wash the 
residue remaining in the mortar through the funnel by means 
of a wash bottle, thoroughly washmg both the mortar and the 
funnel after the final transference has been made. Remove the 
funnel and well mix the contents of the flask, then make up to 
the 600 0 c mark, and agitate constantly for half an hour. Now 
take the Mohr's burette, previously washed out and dramed. 
Agam agitate the contents of the 600 c o. flask, pour a little of 
the liquor mto the burette, and rinse out with it ; (care must be 
observed throughout this teat to agitate the contents of the 
flask each time a portion is abstracted, so that the proper amount 
of sediment is taken, in addition to clear liquor). PiH up the 
10 CO. burette with the arsenioua acid solutioni and rus out 
exactly 10 c o. into the porcelaan dish ; now add 3 or 3 dr^is of 
indigo solution, fill up the Mohlr's burette th^ bmk 
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addition of the bleach solution a blue colour will be produced, 
which, however^ will disappear on stirring. Continue this until 
a brown colour results from the addition of the bleach liquor. 
The addition of the bleach solution must be continued imtil this 
colour remama permanent. Now read off the number of c o of 
bleach liquor which have been used, empty the burette of the 
bleach liquor, and re-flU. Proceed to malte a second test m 
precisely the some manner as above described Add the last 
2 or 3 0.0 very carefully, and watch closely the end point of the 
reaction. It is generally advisable to make a third test, and, 
as a rule, the second and third estimations will give almost iden- 
tical results If there is any difference m the figures, the average 
of the two tests should be taken. 

The percentage of available chlorine contained m the sample 
may now be calculated from the following table : — 


10 Gm, Bleagh made tjp to 600 o.o. 


0 Q 

Bloauh 

used 

% 

Ohloxlne 

0 0 

Bloaoh 

used 

% 

CMurlne 

tt.0. 

Bleach 

used. 

Cb^OTlD 

13 0 

88 46 

16 0. 

38 38 

17 0 . 

.. 29 41 

13 1 

3S26 

161 

..33 11 

17 1. , 

... 29*23 

18 2... 

87'87 

16 2 

.82 89 

17 2„, 

. . 29 06 

13 3... 

.. 87 61 

16 3 . 

.. 32 67 

17 8., 

28 90 

13 4 

87 81 

16 4... 

32*46 

17 4.. 

. 28 73 

13 6 

87 03 

16*6 

32 25 

17 6 , 

.28 67 

18‘6 .. 

.. 36*76 1 

16 6... 

...82 06 

17 6 

. 28 46 

18 7 . 

.36 49 

16 7. 

3184 

17*7 

.28'24 

13 8 

36 23 

16 8 . 

31 64 

17 8 

.. 28 08 

18 9 . 

. 36*97 

16 9, . 

8144 

17 9 

. .27 93 

14*0 .. 

. 36*71 

16*0 

.. 81 26 

18 0. 

. .27 77 

14*1... 

...36 46 

181 . 

.. 81 06 

181.. 

27 62 

14 2 „ 

36 21 

10*2. 

30 *86 

18*2. 

.. 27 47 

14 3 , 

34 96 

16*8... 

. 80*67 

18 3 . 

. .27 32 

14 4 . 

.. 84 72 

16 4 

. 30 48 

18 4.. 

, 2717 

14 6... 

.. 34 48 

10*6 .. 

..80 80 

18 6.. 

...2702 

14 6 

34 24 

10 6 .. 

SO 12 

18 6 . 

...26 88 

14 7 

84 01 

16*7 .. 

29 94 

18 7 . 

. .267S 

14*8... 

.83 78 

16 8... 

, ,29 76 

18 8. 

. 26 69 

14*9.. 

...83 66 

109... 

. .29 68 

18*9.. 

. .26 46 


AVAILABLE CHLOBINE IN BLEACHING LIQUOR 

87 .Measure off 26 o.o of the sample of liquor into a 26Q o.o. 
flask, and dilute with water to the mark. Mix thoroughly, and 
fill a 60 0 . 0 . burette with the solution Pill a 10 o.o. burette 
with the standard arsenious acid solution (paragraph 63), and 
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measure off 10 c c. carefully into a white porcelain dish , add a 
few drops of indigo solution (paragraph 65 ), and into this run 
the bleach liquor until the blue colour changes to a yellowish 
brown. Make at least two duplicate tests, and take the average 
of the two readings of bleach liquor consumed Divide the 
number of c o. used into 100 ; the result is the percentage of 
available chlorine present in the liquor by volume Bleaching 
liquor is generally sold as containing 7 per cent available 
chlorine 

PYRITES 


Preparation of the Sample. — In the testing of pyrites 
the sample must be carefully prepared, otherwise endless trouble 
will be caused m the analysis The sample should be broken 
up roughly in an iron mortar, carefully mixed, and re-sampled 
by quartering. Reduce the final sample to an impalpable powder 
by grmding in an agate mortar, operating upon small quantities 
at a time, and tranaferrmg the ground sample to a small bottle 
as it IS reduced The grinding of the sample camiot be carried 
too far, and, when completed, it should not be possible to feel 
oven minute lumps when a little is taken between tho fingers. 

88. Sulphur. — Weigh off two lots of '6 gm. each of the fiqely 
powdered sample, and place in oomcal beakers over the water 
bath Pirepare a murtui'e of 3 parts of strong nitric acid and 
1 part strong hydrochloric acid Place 10 c o. of the mixed 
acids ill the beakers, insert a funnel in each, and heat on the 
water bath Sulphur may at first separate out 5 continue the 
heating until this is dissolved, then remove the funnels, and 
evaporate to dryness. Add a little strong hydroohlorio acid 
(about 5 0 c ), and evaporate to dryness agam ; add a further 
6 c c. of hydrochloric acid, and again evaporate ; by this time 
the mtric acid should all have been driven off. Moisten the 
residue with strong hydrochloric acid, add hot water, filter, and 
well wash the residue on the filter. The residue on the filter 
paper is ignited (see paragraph 45 ) and weighed; it consists of 
Bihoa and other matters which are classed as “ insoluble 

To the filtrate from the insoluble matter add ammonium 


hydrate in slight excess. 'Hus will precipitate th^ Irop.. 
hot, and wash the iron precipitate well wilii ^ 

the washmg until 1 o.a of the filtrate 
barium chloride 8oluti<m. Keep do'^T^i 

' ■'•.•'illlllHlj 
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to about 200 o c , and to this add a little strong hydrocliloric 
acid until just ou the acid side, and heat the solution Now 
heat to boiling a solution of barium chloride, and with this 
precipitate the sulphur as banuiii sulphate. Allow to stand for 
about thirty minutes, then pour the clear liquor through a filter ; 
add about 80 to 100 c c hoihng water to the precipitate m the 
beaker, boil for a minute, allow to settle, and filter the clear 
liquid as before Repeat this three times, then wash the precipi- 
tate on to the filter, wash well, dry in the water oven, ignite, 
and weigh. One part barium sulphate = 0 13734 sulphur 

88a. Moisture. — Weigh off 10 gm of the finely-ground 
sample, dry at 105° C, cool, and weigh. The loss multiplied 
by 10 = per cent moisture 


89. Copper. — ^Weigh off 1 gm of the finely-ground sample 
Place this m a small beaker, cover with strong mtno acid, and 
heat on the water bath to dryness. Add a little strong pure 
sulphuric acid, and place on the sand bath, heating until all 
acid fumes have been driven off. Cool, add water, and boil 
When cool again, add methylated spirit (about a third of the 
volume of water in the beaker or basin), allow to stand all night, 
and filter off in the mornmg Wash the residue on the filter with 
a mixture of methylated spirit and water (one of spirit to two 
of water), until a drop of the filtrate ceases to show a blue colour 
on the addition of mtrio acid Pass sulphuretted hydrogen 
through the filtrate and washings (see paragraph 82), and allow 
the precipitate so obtained to stand for several hours. Filter, 
and wash with water through which sulphuretted hydrogen gas 
has been passed, and containing also a little pure sulphuric acid 
Dry the filter in the water oven Place the dried precipitate, 
with filter paper, in a Rose’s crucible (Fig. 24), mto which a 
current of coal gas is passed, add a little pure sulphur, and 
Ignite. Cool in the desiccator and weigh When testing Spamsh 
pyrites, according to Lunge and Hurler’s Alkali Makers’ Pocket 
Book,” 0*0005 gm,, together with the weight of the filter ash, 
must be deducted from the sulphide of copper thus obtained, as 
a correction for the antimony and bismuth present m the ore. 
The percentage of copper la then oalovdated from the figures 
obtained from 1 gm. of the sample; One OuaO « 0*79874 of 
copper 


I 
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BURNT PYRITES 

90- Sulphur. — SulpliUi m burnt pyiutes la estimated in 
exactly the saine manner as described in paragraph 88. 

91. Copper — Proceed as in paragraph 89, dissolving the 
sample m hydrochlorio acid, with the addition of a little nitrio 
acid The same correction for antimony and bismuth is made 
when these metals are present m the ore. 

92. Moisture. — See paragraph 88a, 


CAUSTIC SODA 


93 Sampling. — The sample should be taken from under- 
neath the surface of the contents of the drum to be sampled. 
If a dehvery of, say, 20 drums is to be tested, open every third 
drum, scrape away the top layer, and draw a fair sample. 
Repeat this with each drum selected for testing Mix the 
sample weU, and reduce to a bulk which will fill a fairly large 
sample bottle with a wide mouth. Tightly stopper the bottle, 
and, if the test is not to be mode at once, seal with wax "Wlien 
weigliing out quantities for testing, avoid all pieces on which a 
crust of carbonate has foimed, if necessary, scrape off this crust 
before weiglung. 

94r. Available Alkali. — Weigh off 26 gm of the sample, 
dissolve in water in a beaker over the water bath, and make up to 
600 c c. Pipette off 20 c o. (= I'O gm of sample) mto a beaker, 
dilute with water, add a few drops of methyl orange solution, 
and run m normal hydrochloric acid until the red colour is per- 
manent. Each G.c. of acid used =* 0*031 gm. NaaO 

96. Insoluble — Weigh off 10 gm of the sample; dissolve 
in a beaker over the water bath ; filter, wash the insoluble residue 
on the paper, dry the paper and contents on a clock glass over 
the water bath, and place m the water oven until quite dry 
Clean and weigh a porcelain oruoiblo or a platinum dish, place 
the dried filter paper in this, and ignite over a Bunsen burner 
or m the muffle furnace (paragraph 46). Cool under the 


desiccator, and weigh. The residue multiplied by 10* the 
percentage of insoluble matter pr^SfeUt* t i , 

96. Arailable Alkali— 
the^bquw, make up to 
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into a beaker, and titrate with normal hydroohlono aoid and 
methyl oiaiige (See paragraph 94) Each c.c. of normal acid 
used = 2 per cent of available alkali. Tlic specifio gravity 
should be carefully taken, as caustic liquor is usually sold ns 
so many degrees Twaddell 

SALT CAKE. 

97. Sodium Chloride. — Well mix the sample, grind up 
in a mortar, and again mix. Weigh off 0'585 gm of the prepared 
sample, and dissolve m distilled water Neutralise by using 
pure nitrio acid and pure carbonate of magnesia, and titrate with 
the deci-normal solution of silver mtrate until the reddish colour 
remains on stirring Each c c. of silver solution = 1 per cent 
of sodium chloride present in the sample ; this should be under 
1 per cent 

98. Free Sulphuric Acid.— Weigh off 4*9 gm of the pre- 
pared sample (see above), and dissolve in a beaker, using dis- 
tilled water Colour the solution with litmus, and titrate with 
the normal sodium hydrate solution. Each oo. of sodium 
hydrate used is equal to 1 per cent of free acid 

99 Insoluble Matter —Weigh off 10 gm of the prepared 
sample (see above) into a beaker, and dissolve in distilled water. 
Filter through a 37nall filter paper, well wash the insoluble 
residue on the paper, and dry, first on a clock glass over the 
water bath, and then in the water oven Clean and weigh a 
porcelain crucible, and ignite the paper and residue as in para- 
graph 45. Cool under the desiccator, and weigh The residue 
multiplied by 10 gives the percentage of insoluble matter present. 

100 Iron. — Dissolve a quantity of the sample in water in 
a beaker, adding a few drops of pure nitric acid free from iron. 
Cool, and add a solution of potassium sulphooyanide, A red 
colour indicates the presence of iron. 

101, Sodium Sulphate — (1.) Dissolve 1 gm. of sample in 
water, adding a little hydrochloric acid to complete solution, if 
neoessary Add ammonium chloride, ammonium hydrate, and 
ammonium oxalate. Filter. To the filtrate add a little pure 
Bulphurio acid, evaporate to dryness, and ignite. Add a small 







.uirifi 
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piece of solid aminonium carbonate, igmte again, cool, and 
■weigh the residue, which, multiply by 100, and call this figure A 
(2) Dissolve 10 gm. as above, precipitate with ammonium 
chloride, ammomum hydrate, and ammonium oxalate, and filter 
To the filtrate add ammonium phosphate solution, settle for 
about twenty-four hours, filter, wash with ammonia water, dry 
the precipitate, and weigh the magnesia as pyrophosphate. 
Weights lOxO’36036 = per cent. MgO 

(3 ) Multiply per cent, sodium chloride (paragraph 97) by 
1*2136, and call this B Multiply per cent. MgO (see above) by 
3, and call tliia figure C Add together B and C, and deduct 
from A The result is per cent, sulphate of soda by direct 
estimation. 


WASHING SODA (SODA CRYSTALS) 

102. Insoluble Matter — Crush the crystals roughly in a 
mortar, and weigh ofi 10 gm of the sample. Dissolve, filter, 
wash free from alkaline reaction, igmte, and weigh as in para- 
graph 46a. The residue multiplied by 10 gives the percentage 
of insoluble matter present If this is very small, 20 gm. may 
be weighed off for the test, and the residue multiplied by five 

103 Available Alkali — Weigh off 15 5 gm of the sample, 
dissolve in a beaker -with distilled water, and pour the solution 
into a 600 c c. flask, washing the beaker well into the flask, and 
make up to the mark. Titrate 60 c o of this solution with normal 
sulphuric ooid, using methyl orange as indicator. (See paragraph 
78 ) Each o c. of acid taken = 2 per cent, of NoaO. 


SODA ASH. 


104. Sampling. — Sample at least every third cask or bag 
in the dehvery. If only a small oonsigmnent to be tested, 
each package should be included m the |f in oasks, 

sample as in the case of bleaohing powder (see 85) ; 

if m bags, discard the top layer, and tjake ^ Wow 

the surface. Reduce the sampling by ' 4 

working sample in a mortar, well f t ^ ^ ' f ^ V * f 

lOB Iiwoluble Matter.—^ 

sample, and dissolve in a b€ia|:^^c|r| 
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coustontly Allow the sample ample time for solution, then 
filter through a small filter paper ; wash the insoluble residue on 
to the filter, and wash well with hot water Dry the filter and 
residue, first on a clock glass over the water bath, and then in 
the water oven Clean and weigh a porcelain or platmum 
crucible, and in this ignite the filter paper and residue over a 
Bunsen burner or in the muffle furnace (See paragraph 46 ) 
Cool in the desiccator, and weigh Deduct the ash of the filter 
paper, and multiply the result by 10, which will give the per- 
centage of insoluble matter 

106. Available Alkali. — Weigh off 16*6 gm of the pre- 
pared sample (see above), and dissolve m a beaker over the water 
bath, usmg distilled water, and stirring constantly When 
dissolved, pour into a 600 o,o stoppered flask, cool, and make 
up to the mark when cold. Mix well, and pipette off 60 o o. of 
the solution into a conical flask; add a few drops of methyl 
orange, and titrate with normal sulphuric acid. Each o.c of 
acid used = 2*0 per cent of NaaO. 


, BRIMSTONE. 

107. Moisture. — Crush the sample roughly, and keep m a 
sample bottle, tightly corked Weigh off 10 gm. and dry at 
100° C in the water oven until the weight is constant. Cool 
under the desiccator, and weigh. The loss multiplied by 10 
gives the percentage of moisture. If this is^very low, a check 
test may be mode on 60 or 100 gm. of the sample. 

108. Ash. — Weigh off 10 gm of the sample in a porcelain 
dish, previously weighed. Heat the dish over a Bunsen burner 
or in the muffle furnace until the sulphur is completely burnt off. 
Cool under the desiccator, and weigh. Ignite again, and repeat 
until the weight is constant Tho residue multiplied by 10 gives 
the percentage of ash. 

109. Sulphur. — Weigh off 2*6 gm. of the dried sample, after 
the estimation of the moisture. Extract this as described in 
the case of spent oxide (paragraph 148). The sulphur residue 
multiplied by 40 gives the percentage of sulphur on the dried 
sample. 
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SALT (COMMON SALT AND ROCK SALT) 

110. Moisture. — Weigh off a clean platinum crucible, into 
which place 10 gm of the sample, well ground and mixed. Ignite 
gradually over a Bunsen burner or in the muffle furnace to a dull 
red heat The loss multiplied by 10 gives percentage of moisture. 

111. Insoluble Matter. — Dissolve 10 gm. of the salt in 
distilled water ; filter, wash well, and dry the filter paper m the 
water oven. Weigh off a clean platmum or porcelain crucible, 
and in this ignite the filter paper and residue Deduct the 
weight of the filter ash, and multiply the residue hy 10, which 
gives the percentage of insoluble matter 

112 Chlorine — Weigh off 6*85 gm. of the sample as 
received Dissolve m distilled water and make up to 600 c.c. 
Pipette off 26 c o , neutralise the solution, and add a few drops 
of potassium chromate, so as to produce a distinctly yellow 
colour. Run lu the deoi-normal silver solution until the precipi- 
tate IS of a faint pmk tinge. Deduct 0’2 c.c from the number 
of c c. of silver solution required Multiply the figm’e so obtained 
by 2 , the result is the percentage of sodium chloride contained 
in the sample 


NITRATE OF SODA 

113. Moisture. — Well grind and mix the sample, keeping 
in a well-corked sample bottle. Clean and weigh a platmum or 
porcelam crucible or dish, and dry 10 gm in the hot-air oven at 
130° C. imtol the weight is constant The loss multiplied by 10 
gives the percentage of moisture 

114. Insoluble Matter. — Dissolve 10 gm. m water, filter, 
well wasli the residue on the filter paper, and dry m the water 
oven. Weigh a platmum or porcelain crucible, and ignite the 
filter paper Cool under the desiccator and weigh. The residue 
multiplied by 10 gives the percentage of insoluble matteif. 




MIsaBLLANHOUd CHBiUOALS 


65 


116 Sulphate of Soda. — Weigh off 20 gm, of the sample, 
and dissolve in ■water. Apidify with a little pm’e hydrochloric 
acid, and heat to hoiling. Piecipitate with a solution of hanum 
chloride; filtei, wash and weigh the barium sulphate. (See 
paragraph 88 ) Multiply the weight of barium sulphate obtained 
by 6, and then by 0*60941: The lesiilt is the percentage of 

sulphate of soda present 

117. Nitrate of Soda. — Add together the nioistoe, 
msoluble matter, sodium cliloiide, and sodium sulphate, and 
deduct from lOU; the result gives the percentage of nitrate of 
soda by difference 


LI]\£ESTONE 

118 Insoluble Matter. — Grrmd up the sample well in a 
moitoi, and mix thoroughly Weigh off 1 gm into a beakei, 
and dissolve it m pure hydrochloric acid When dissolved, add 
water, filter, and well wash the lesidue on the filter paper 
Dry the paper in the water oven, and weigh until constant, 
dean and weigh a platinum or porcelain cnicible, and ignite the 
weighed paper and residue The residue after ignition, multi- 
plied by 100, IS the total insoluble matter. Tlie difference between 
the weight after drying and the weight after ignition, multiplied 
by 100, IB the percentage of organic matter 

119. Lime. — Weigh off 1 gm. of sample, and dissolve in 
25 c.c normal hydi‘ochloiio acid. Add a few drops of methyl 
orange, and titrate with standard oikah Deduct the number of 
c 0 . alkali consumed from 25, and multiply the result by 5. Tliis 
gives the percentage of calcium carbonate present 

120 Iron. — Dissolve about 2 gm of the sample in hydi’o- 
chlono acid Add a little strong mtno aoid, and a little potas- 
sium sulphocyauide solution A blue colour shows that ii'on is 
present 

CHLORIDE OF POTASH. 

121. Moisture. — Grind and mix the sample well Weigh 
off 10 gm into a platinum or porcelain crucible, and heat over a 
Bunsen burner or in the muffle furnace to redness. Cool under 
the desiccator and weigh. The loss multiplied by 10 gives the 
percentage of moisture. 

6 
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122. Potassium Chloride. — Weigh off accurately 0‘74C> 
gin of tlie prepaied sample. Dissolve in water, neutralise, and 
titrate with deci-normal silver solution Tlie nuinher of c.c. of 
siher solution gives the peicentage of iDotassium chloride con- 
tained 111 the sample 


SULPHATE OF POTASH. 

123. Free Add — Estimate as in the case of salt cahe (see 
paiagraph 98), taking 4*9 gm of sample 

124 Potassium Chloride. — Estimate us iu chloride oL 
potash (see paragiaph 122), taking 0’74C gin. of sample. 

126. Insoluble Matter. — Estimate as in salt cake (see 
paragraph 99), taking lO'OO gin. of sample 

126. Iron. — Tins may he detected as in salt cake (pai’agi'aph 
100 ). 


CHLOPATE OF POTASH 

127. Chloride — Weigh off 60 gm of the sample (well ground 
and mixed). Dissolve m distilUd water, neturahso, and titrate 
with deoi-normal silver solution. Each c c of silver =» 0*015 
per cent, of potassium cliloride. For insoluble matter, iron, etc 
see sulphate of potash 
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CHAPTEE V. 

Oil Testing. 

FLASH POINT 

128. The Abel Flash-Point Apparatus. — The apparntue 
here illustrated is the Abel standard fla^-pomt apparatus This 
IS constructed to the requirements of tlie Board of Trade, and 
IS supplied by Messrs. Baird and Tatlock, of London, at tlie price 
of 5 guineas, -witli Board of Trade verification Where liquid 
tuel is used, and for nil pui’posefl of testing illuminating oils 
the Abel flafeh-pomt apparatus is infinitely tlie beat The 
figiues obtained by it ai'e thoroughly reliable; the tests are 
conducted under precisely the same conditioiis, and therefore the 
results, as a whole, are compaiable. This is a very important 
point, as, 111 some of the cheaper and more imperfect types of 
fiash-point apparatus, it is quite possible, by a little manipula- 
tjon, to obtain any desired result; therefore, although the Abel 
appai’atus is rather an expensive one, it is here recommended foi 
the rooBons above given. 

T1 e apparatus, when in use, must be placed in a position 
where it is not exposed to currents of air or draughts. Fill tho 
vater Imth hy pouring water into the funnel, until it runs out 
from the spout at the other side. Then, by means of the lamp 
undernoath the apparatus, heat up the wateif bath until the 
tliennometer on the left shows 130° F This temperatoe is best 
attained by lieuting water in a separate vessel until it approaches 
about 120° F. , the water bath should then be filled with this 
hot watci, and the temperature of the jacket raised by means , 
oF the lamp to 130 degrees. Now open the cup in the centre 
of the apparatus, and pour in tlie oil to be tested, until the level 
of the liquid 3 ust reaches the point of the gauge whicdi is fixed 
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The test cup having been filled to the proper height^ the hd, 
with the slide closed, is now put on, and the cup is placed in the 
bath. Adjust the thermometer m the lid of the oup, so that the 
bulb IS just unmersed in the oil , this position must not, under 
any circumstances, be aftei wards altered If the cup is now in 
its proper position, the scale of the thermometer will face the 
operator. Now light up the small test jet fitted to the slide of 
the oup (a gas supply having already been brought to this test 
jet by means of a rubber tube), hang up the pendulum supplied 
with the apparatus from a nail fixed so that the pendulum swings 
m front of the operator, and prepare for the actual test. When 
the temperature, as indicated by the thermometer in the oil cup, 
has reached about 70° F the operation of testmg may be com- 
menced, the teat flame being applied as the temperature 
rises, lu the following manner Tlie slide is slowly drawn 
open, while the pendulum performs three oscillations, and is 
closed dui'ing the fourth oscillation 

Eaise the temperature of the oil oup to 70° F., and apply the 
test flame. Watch for a very slight flash to pass over the surface 
of the oil in the cup when the slide is drawn If no flash 
appears, close the slide at once, and allow the temperature to 
lise two or thiee degrees. Now apply the flame again, and watch 
for tlie flash. If this does not appear, allow the temperature 
to rise agam two or three degrees, and once moie test In 
this way, at, say, 80° F., when the slide is di’awn, the operator 
will notice a slight flame pass over the sui’face of the oil when 
the test jet is applied. Tlie flame may be very slight, and the 
cup must be closely watched durmg the test, or the flame may be 
(overlooked altogether. A little practice, however, will enable 
the operator to detect a very faint flash in the cup. Assuming 
that the flash point thus roughly ascertained is 80° F , as 
registered by the tliermometer in the cup, empty the cup 
altogether, turn down the lamp under the water bath, and allow 
the temperature once more to ainlc Fill the cup again, as 
already described, taking cai’e that the gauge is not passed, and 
once more raise the temperatuie as before, testing now at each 
degree When the thermometer indicates 78°, the flash 
may be observed. If this is so, a third test should be made, 
once more emptying out the oil from the oup, allowing the 
temperature of the water bath to fall, replemshing the test oup 
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With a fi’esh portion of the sample, and again raising the tempera- 
ture very gradually, testing at each degree. This third operation 
will, in all probability, confirm the second test, and therefore 
the flash point of the oil under examination is 78° F 

129. The Abel-Peusky flash-point appaiatus is similar to the 
Abel apparatus already described, vnth the addition of olock- 
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work mechanism to open the cover aud depress the test flame. 
Tliis form of flash-pomt apparatus is also supplied 1:^' Messrs, 
Baird and Tatlock, at the pnoe of j06. ' ^ ' 1 , 

130. Oray% Flaab-Point 

flash point of lubrioating dils, 
which is serranged to tefet up to | 
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Baird and Tatlock at the price of ^£3 loa , exclusive of thei’mu- 
meteis, •vrliioli, ranging from 100° to 660° F., cost 6s, eacli. 

The apparatus conaiata of a brass oil cup of the same dunen- 
aiuns as the oil container used m Government standard petroleum 
testers (AbeBs). On this cup, which is set on a suitable stand, 
IS placed a tight-fitting cap or lid. Through the lid a steel shaft 
passes, carrying on the top n small bevelled wheel, the hevel of 
which is milled, and on the lower part two seta of atiirera, one 
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of which is below the surface of the oil, and the other in the 
vapour space above. A horizontal shaft earned on two standards 
terminates at one end in a bevelled wheel, which gears with the 
wheel first mentioned, and at the other end m a disc, the outer rim 
of which IB made pf bone or other suitable non-oonduotor of 
heat, and on this disc is iixed a handle for rotating the shaft. 
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This horizontal shaft carries a collar, from which there piojects 
two small pins at diametncalLy opposite points. By sliding the 
shaft slightly to the right, the bevelled wheels are drawn out 
of gear, and the pins projecting from the collar put in position 
for actuating the testing arrangement On the lid proper thei’e 
ai-e three orifioesj one immediately in front of the test light, and 
the other two at either side of it. Above the lid is the sliding 
cover, 111 which there are two orifices corresponding to those on 
the fitted hd. When the bevelled wheels are m geai* the sliding 
cover 13 hold in its normal position by a spring, and the orifices 
111 t]je fixed lid are covered. When the sliding cover is moved 
by bringi]]g the pms m contact, and turmng the disc about a 
quarter of a turn round, the orifices in it coincide with those on 
tlie fixed lid, and at the same time the test light is depressed, 
and brought into position for producing the flash when the proper 
lemperatiue has been reached In places where gas is not 
available, a good substitute to use for the test flame may be 
oblapied by passing a current of air or hydrogen through cotton 
wool or other convenient medium saturated with gasoline or 
other light hydi'o-oarbou spirit. 

The apparatus is used as follows . Fill the oil cup up to the 
inside mark with the oil to be tested, replace the cap, and insert 
the thermometer lu the tube provided foi it. Apply a hght to 
the heating lamp, tlie heat from which is applied tlirougli the 
medium of a convenient sand bath. Light the test jet also, and 
adjust the flame to about -^th of an inch in length During the 
lieating of the oil, the stirrers should be moved at short intervals 
by -turning the handles several times. The more rapidly the oil 
IB heated, the oftener the stirrers should be rotated When 
nearing the point at winch the oil is expected to flash, it is 
advisable to reduce the rate of heatmg, in order that the observa- 
tioii may be more readily and accurately made If necessary, 
a rough test may be performed first, to give some uidication o£ 
the temperature at which the oil is likely to flash Observations 
may be taken every degree or half degree, a few turns of the 
stirrer being given between each test. The rate of heatmg is 
immatenul, provided it is not too rapid to allow of readings 
being taken. 


131. ^naple Flash-Point is « nm|ds 

method Sspsrtaiiiiiig the fiasb poiat ^ pil). vhm ft inors 
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olaliorate appaiutiifc. is not available Where accuracy is 
required, such a teat is, of course, of little value, and the 
standard flasli-poiut apparatus should be used, but as a rough 
test the one here indicated is often used — 

Take a small basm, preferably a coppei dish, holding about 
25 c e Fix a tripod stand over a Bunsen burner, and on this 
place a sand bath, made hy jfiUiug a copper, tin, or iron dish with 
sand. Place the coppei dish in the bath, sinking it well in the 
sand. The oil dish should have a mark punched on the side, and 
in each test the oil should reach this level. A small gas ]et is 
also required, with winch to ignite the vapour when the flash 
point lb reached. For this puqjose a mouth blow-pipo is often 
used To the blow-pipe a gas supply is brought by a lubber 
tube attached to the mouth-piece end, and when the gas is 
ignitf^d a small flame, about the size of a pea, is easily obtained 
Having fixed up the appai’atus, the test is made os follows . Fill 
the oil basm to the level, and hang a thermometer so that the bulb 
IS immersed in the oil. Light the burner imder the sand bath, 
and raise the temperature slowly — about 10° F per minute is the 
usual rate. As the temperatui’e of the oil rises, apply the small 
blow-pipe jet at each use of two degrees. Wlien the flash point 
is reached, a blue flame will shoot across the surface of the oil. 
The test should be repeated, and three separate readings may 
be taken with advantage 

Tlie above test gives what is known as the “open” flash 
l)omt; the standard instruments give the “close” flash point. 
The close test is always lower than the open teat. 

132. A Safe Flash Point. — For lubricating purposes, with- 
in certam limits, it may safely be taken as a rule that the higher 
the flash point the safer is the oil. For general purposes, a 
lubricating oil should not flash under 330° F , while for 
niiUs, where inflammable matter is plentiful — cotton mills, for 
example — a safe linut is about 350°. In the case of cylinder 
oils, the flash point is generally required to be not less than 
500° F 


VISCOSITY. 


133. Pipette Method. — An approximate and simple 
method of comparmg the viscosity of different samples of oil is 
as follows : A pipette, say of 60 c.o, capacity, is taken, and two 
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marks made with, a file, oue on the pai*t of the stem, and 

the other on the lower pai-t. A. piece of rubber tubing is slipped 
OTer the mouth of the pipette, and a spring clip fixed on this 
rubber tube. The pipette is filled to the upper inaik by 
suction, releasing the clip, wlule the oil is being drawn up to 
the luai’k Tlie pipette la now fixed in the stand by mcaiis of a 
clip, a vessel being placed beneath to receive the oil. Tlie clip 
is released, and the number of seconds occupied by the oil 
m flowing from one mark to the other ia ascertained. This 
operation is repeated, and the average number of seconds is 
taken as being an approximate viscosity, for purposes of com- 
parison The pipette should then be cleaned with ether, dried, 
and the same experiment lepeated -with pure lape oil In such 
a rough test it is important that all the samples tested should 
be used at the same temperature For this puriioso vessels of 
each oil to be tested should be kept placed side by side in the 
same room — carefully marked, of course The pipette is then 
filled with each oil m turn, and the number of seconds occupied 
m each case is observed, as compared with the standard rape 
oil If proper precautions are taken to ensure uniformity of 
temperature m each sample, and if several tests are made of 
each oil under examination, this test, although rough, is 
yet a useful guide for the approximate comparison of a number 
of samples 


Si K 



The Viscometer, — ^For the purpose of accurately estimat- 
ing the visoosity of oils, a properly constructed viscometer is 
necessary. The standard instrument for testing the viscosity of 
oQs isEedwood^s Viscometer. (Figs. 30 and 31.) This apparatus 
;is maefe and supplied by Messrs. Baird and Tatlock, of London, 
at the price of lOs. 

Rodwood'S'Vishdmdter.-^The Instrumont ooasi^ts of 
oU oyiiiider, ; fti^mehfid with agate and 
Ijr A otjppiiir . 1 ooppeaf' olose4 tib«i 
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The agitator oaiTies a thermometer to indicate the tempei-ature 
of the bath The oil cylinder is furnished with a stopper, con- 
sisting of a amaU braaa sphere attached to a wu’e, the sphere 
resting m a hemispherical cavity in the agate jet. A short 
standard, attached to the oil oyhnder, carries a clip to support a 
thermometer in the oil. Inside the oil oyliiider, and at a short 



distance from the top, is jSxed a small bracket, terimnating in an 
upturned point, which forms a gauge of the height of the oil 
level. The instrument is supported on a tripod stand provided 
with levelling screws 

136 . Directions for The bath is filled with a suitable 
liquid to a height roughly corresponding with the point of the 
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in the oil cylinder Water answers well for temperatiu’es 
up to 200° F., and for higher temperatures a heavy mmerol oil 
may be used The liquid having been brought to the required 
temperature, the oil to be tested, previously brought to the same 
temperature, is poured into the oil cylmder, until the level of the 
hquid just reaches the point of the gauge A narrow-neoked 
flask, holding 60 c c to a pomt maiked on the neck, is placed 
beneath the jet in a vessel containing a liquid of the same tein- 
peratui’e as the oil. The ball valve is then raised, a stop-watch 
IS started at the same time, and the number of seconds occupied 
by the outflow of the 60 c.c is noted. It is of the greatest 
importance that the oil cylinder should be filled exactly to the 
point of the gauge, after insertmg the thermometer, and that the 
given temperature should be precisely maintained during the 
experiment, a difference of F, makmg an appreciable difference 
in the viscosity of some oils It is also essential that the oil 
should be quite free from dirt or other suspended matter, and 
from globules of water, as the jet may otherwise be partially 
obstructed. If the oil cylmder requires to be wiped out, paper 
rather than cloth should be used, as filaments of the cloth may 
be left adhermg When oils are bemg tested at temperatures 
much above that of the laboratory, a gas flame is applied to the 
copper heating tube, and the agitator kept m gentle motion 
throughout the experiment The jet should be carefully examined 
before the apparatus is used, and, if necessary, a piece of soft 
string should be passed through it. The apparatus should be 
adjusted by means of the leveUmg screws, so that a spirit level, 
placed, on the top of the oiL cup, shows it to be horizontal. 


136. Method of Expressing Viscosity Besults.— Mr 

Redwood reoonunends that the number of seconds occupied in 
the outflow of 60 c.c. of the oil imder examination should be 
multiplied by 100 and divided by 636 (the number of seconds 
occupied in the outflow of 50 c c. of average refined rape oil at 
60° F ). The figure thus obtained shoul(^ be then multiplied by 
the specific gravity of the oil under examination at tib© tempera- 
ture of the expenmeut, and divided by 916 (the spewfip gravity 
of r^ned rape oil at 60° F ) ; the necessary oorr^otion for pjeoifio 
gravity being thus made, the final figures, the 

vieoosiffy of the oil, at ^ tempffl'ature ^ |t4r¥X)is ot 

vasposifcy pf r^ned rape ofl avt 6()°Ft < 
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For purposes of commercial testing, the specific gravity pai-t 
of the calculation is often neglected, and where a number of 
samples are to be tested, the same volume of each is run through 
the viscometer at the same temperature, and the number of 
seconds occupied by this operation is taken as the measure of 
relative viscosity. 



Fia 83. — ^IEB OOLBlIAir'^ABOHBUTT ViBCKlUBTBR. 

137. The Ooleman-Archbutt Viscometer —Another vary 
conTonient suid r&ther lose expensive Tifloonieter is the Goleman- 
Arohbutt instrument, whaoh is here lUustrated as supplied by 
Messrs. Baird and Tatlook, at the priee of j 63 3s. 
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This mstiument consists o£ a glass tube, contained in an 
outer jacket, Tritli a funnel for pouring in hot or cold water, n 
tube for running off the water, and a stm’er for mixing the water 
contained in the jacket In this instrument the oil used in tlie 
experiment is measured m the burette tube, and the uso of a 
graduated yesael in wluch to measure the oil — after delivery — 
IS dispensed with. As the tube containmg the oil is graduated, 
a test can be made with either 100 c.o., oO c c , or 26 c c Il‘ 
the viscosity is high, 25 c c may be sufScient for the tost if a 
medium oil is under examination, 50 c.o. is used, while if tlie 
viscosity IS low, the full 100 o o are employed. In this apparatus 
samples of oil can be tested at temperatures up to that of boiling 
water, which is sufficiently high for most commercial piu'poses 
The method of using the Coleman-Archbutt Viscometer is 
described as follows in Archbutb and Deele 3 r^s work on “Lubri- 
cants and Lubrication ” : The tube and jet are first carefully 
cleansed and di’iedj the jet is then closed by means of a small 
peg of soft wood Water at the proper temperature is next 

poured into the jacket, and the oil, previously strained, if 
necessoTj’’, and brought up to the same temperature, is poured 
into the oil tube up to about half an mch above the mark from 
which it is intended to inn The oil is stirred with a thermo- 


meter, avoidmg the formation of air bubbles, until the tempera- 
tuie is exactly ooirect, the final adjustment being easily made 
by slightly raising oi lowering the temperature of the water 
bath. Tlie theimometer is then token out of the oil, which is 
allowed to rest imtil perfectly still. The wood peg is withdrawn, 
and the time taken by the chi to flow down to the zero mai’k is 
measured by a stop-watch, which is started as the surface of the 
oil passes the uppei mark. Dui’mg the experiment, the tempera- 
ture is maintauied constant by pouring hot or cold water into 
the jacket through the funnel, and running off the excess through 
the side tube as often as required, usmg the stirrer frequently 
The temperature of the water m the outer jacket is indicated 
by a thermometer, which remams suspended, as shown, diaring 
the whole of the experiment The open end of the oil tijibe 


should be covered by a small inveited beakej:/ so as to pfrejvent 
water being splashed into the oil. ' ? ^ ^ 

In making on experiment at 212^F,, the^ 
jacket is first raised gradually to about j ifeOj ^-4 

^ i n ! „ ; 1 1 rrn ? i 
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Lot water tliroujrh the fxmiicl Thou the funuel is rei)laced by 
the steam tube connected to the steam generator shown at the 
side, aud steiun la blown into the water jacket. Wlien the watei 
boils, the level of the water is reduced slightly to prevent aj^lash- 
lug, aud the water is kept gently boiling throughout the test 
When operating at tins temperatiue, the oil is poured into the 
oil tube just before the water begins to boil, and the tube 
covered hy the inverted boakei 

137a. Specific Gravity of Oils. — Tlie specific gravity of 
oils is best asceiiraiued by means of the Westphal specific gi’avity 
balance (see i)aragraph 18 ) 

138. Oomparison of Samples of Lubricating Oils . — Voi 

lubricating jmrpoBes, the chief consideration is the viscosity of 
the oil It is possible to alter the specific gravity of uii oil 
by adulteration oi admii.ture, but where the oil is submitted 
to the viscosity test, the specific gi'avity, for commercial purposes, 
may safely be legarded as a secondaiy considcratiou. Wliere 
two samples of oil aie tested foi viscosity only, it is safe to 
assmuo that the saiiii)le which sliovs the highest viscosity is the 
luoht valuable as a lubricant. There is one qualification to this 
statemout, and that is witli regard to the flash jioint. The flash 
point of the highest viscosity oil should be highei than that of 
tliQ oil showing a lower vihcoaity lu a nutshell, tho considera- 
tions are as follows : If two oils show the same fln^ili point, and 
A has a greater viscosity tliau B, tlieii A is the best oil 

139. Oils for Paint Making. — It is scoi^cely possible, m the 
hpuce liore available, to enter minutely into the subject of the 
complete analysis of oils foi use iii piunt making, nor would it 
be <inite in place in a work of this chai'acter. If more detailed 
nifonnation is iccpiired, reference should he made to tho standard 
i\orkH on the subject, the best of which is Mr, George H Hurst’s 
“raiuters’ Colours, Oils, and Varnishes,’^ published by Griffin and 
Company, London. For the purposes of this manual, a terse 
Hiunmiiry of the methods generally employed in the commercial 
testing of tho commonly used oils, and tho detection of adultera- 
tion, must suffice 
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LTNSEED OIL 


The principal tests applied to linseed oil (the oil which is of 
general use in paint making, are — (1) speoifio gravity; (2) flash 
point ; (3) detection of adulteration by admixture of mineral or 
rosin oils 

140. Specific Gravity —This is best ascertained by the use 
of the Westphal specific gravity balance, a description of which, 
mill instructions for use, will be found in paragraph 18. The 
oil sliould be cooled, if necessary, to 60° F , and several tests 
should he made on the same sample 

The specific gravity of raw linseed oil should be about 0 U32 ; 
if under 0*930, adulteration with mineral or other oils is to be 
suspected If the figui-e obtained is over 0 937, adulteration 
with rosin oil is indicated In the case of boiled linseed oil, the 
specific gravity figure should be about 0 945 , a higher figure 
indicates probable adulteration with rosm oil, while a lower 
gravity than 0 940 shows that mineral and fatty oils may have 
been used as adulterants 

141 Flash Point. — Linseed oil flashes at about 470° F , 
tins figure apphes both to raw and boiled oil For the estima- 
tion of th^ flash point the Abel-Ponsky apparatus should be used 
If adulteration with rosin oil has taken place, its pieseuoe is 
indicated by the fact that it flashes at a lower temperature than 
Imseed oil (from 300° F. to 330° F.), and this constitutes a good 
test for detecting the adulteration. Further, if rosm oil is 
present, its odour will be detected durmg the testing operation. 
If mmeral oils have been added, these wiU flash at 380° F. to 
420° F, The order of flashing would therefore be as follows . — 

Rosm oil, if present . about 300° F 
Mineral oils, if present . about 380° to 42,0° F 
Lmseed oil, if present about 470° F. 


142. Adulteration with Mineral Oils, &c.— To detect 
ihe presence of rosm or mineral oil m linseed oil, the following 
simple test is given by Hurst : Place a htlie of the raw or boiled 
linseed oil in a beaker, add a little of a solution of oauatio potash 
in alcohol, and boil for some tune. Pout solution into 




OIL TBSTINO, 


81 


TURPENTINE. 

143 Specific Gravity — For commercial pui'poses, the 
principal test is that of specific gravity The average giavity 
of tiu’pentine is about 0 S67 Adulteration with petroleum spirit, 
rosin spirit, or shale naphtha will cause this figure to be departed 
fi'om, and this deviation is a very reliable indication of adultera- 
tion It IS not here necessary to describe methods for the detec- 
tion of the precise nature of the adulterant j a close watch should 
be kept on the reading of the specific gravity balance, which, for 
commercial purposes, is the smiplest method of testing. 

144‘ Flash Point. — The flash point of unadulterated turpen- 
tme IS from 90° to 100° F , and this figure should not vary much 
in pure samples. The flash pomt is ascertamed as described in 
paragraph 128. 
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SPENT OXIDE. 


146. The spent oxide of the gasworks is utilised for the 
manufacture of vitriol, and, latterly, it has been used as a source 
of Prussian blue The sulphur contents, however, are the most 
valuable constituent, and, as the material passes through the 
hands of agents and brokers before it reaches the vitriol maker, 
and further, as the moisture and sulphur contents are subject to 
veiy great variation, it is necessary that their estimation should 
be carefully and accurately carried out 

As already mentioned, spent oxide is a very variable material. 
11 18 handled m every degree of moisture, from a very dry oxide, 
coutainmg 10 to 15 per cent, of water, to an oxide which actually 
may contam some 60 to 70 per cent The sulphur contents are 
equally variable, and while one sample may test 60 per cent, of 
sulphur, another may be as low as 20 per cent. In colour, too, 
the difference in samples is very noticeable, ranging from a 
light brown to a very pronounced blue — ^in the latter case the 
oxide will probably contam a fair percentage of Prussian blue. 

146. Sampling. — The method of sampling described in the 
testing of ooal may be employed in the oase of spent oxide also. 
A large sample should be taken from the bulk, and this reduced, 
as described, by quartering, the ultimate working sample being 
about a pound of the material. This is ready for laboratory 
use 


Empty the sample out on a sheet of stout brown paper. If 
it 18 a fairly dry sample, there wiU be nb dlffleul^ in k«i^dling 
it, and the following is the beat course i(y pursue, in prder to 
obtain the best results : Take Sr large d^n, 

and dry Select all the large, hard (JniEth 
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them roughly m the mortar — do not grind up, but simply crush 
Reduce all the lumps in this way, and then mis thoroughly 
Now make a heap, with the top flattened, as in the cose of the 
cool sampling above referred to, and again reduce by quartering, 
to a working sample of about 200 grammes This should be 
kept in a sample bottle, tightly stoppered. 

147- Estimation of Moisture,— Weigh out 10 grammes 
accm-ately Spread out the oxide m a dish, or on a clock glass, 
and dry at 100° in the water oven, weighing at intervals until 
constant. Tlie loss on drying, when multiplied by 10, gives the 
percentage of moisture contained in the sample. 

148. Sulphur. — Tlie sulphur contained in the spent oxide 
IS estimated by dissolving out by means of carbon bisulphide 
and weighing the sulphur thus obtained This operation is 
performed on the dried sample, and the result calculated on the 
sample as received Sulphur in spent oxide was formerly 
estimated by exhausting the oxide in an extraction tube, using 
cold bisulphide, and allowing the bisulphide to run nght through 
the oxide packed m the tube, using fresh solvent for each wash- 
ing By this method an excessively large quantity of solvent 
was necessary m order to extract the whole of the sulphur con- 
tained in the sample, and this involved a correspondingly tedious 
evaporation of the solvent in order to weigh the sulphur obtained 

149. Two separate forms of apparatus ai*e here illustrated 
for the estimation of sulphur in spent oxide. In both cEiaes the 
principle is the same Fig. 34 shows a Soxhlet extraction 
apparatus on the left, consisting of a small flask, a Soxlilet’s 
fat extractor, and a vertical condenser. Tliis apparatus is 
supplied by Messrs, Townson and Mercer. 

160. Tlie form of sulphur extraction apparatus, illustrated 
in Fig. 33, known as Bale’s apparatus, is also supplied by Messrs 
To^ynson and Mercer, price 17 b. 6d This is a very convenient 
arrangement, and is used as follows • Take the whole of the dried 
10 gm (paragraph 147), and rub up in a mortar. Do not gnnd to 
a very fine powder, but reduce any hard lumps, and aim at getting 
the bulk of tlie sample into pieces not larger than a pin head. 
A. certain amount of flue powder will, of course, be included, but 
if the precaution of not grinding to fine powder is observed, the 
extraction will proceed much more satisfactorily. Weigh off 
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one-tlnrd of the dried and cruahed sample. Now dry and 
weigh the flask, without the tube, and note the weight of the 
flask alone The tube should also have been dned in the water 
oven at the same time as the flask, and a little cotton wool should 
also have been dried Now take some of the wool, and plug up 
the bottom of the extraction tube. This tube fits into the neck 
of the flask, the tube and the flask neck being ground The 
cotton-wool plug must fit easily, but not very tightly, or trouble 
will result later Having introduced the wool plug, take a 
slip of paper, and double it Place the weighed sample in the 
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folded paper, mtroduee the end into the mouth of the tube, and 
allow the oxide to run down, talcing care that none of it finda 
its way out through the Tapour outlet at the aide, near the ground 
top of the tube The whole of the oxide having been packed in, 
give the tube twd or three light tops on, the-b^jnch, and introduce 
a aecond wool ping on top of to? mass. - Xhi| second plhg touat 
also be lightly packed? it it W ^ Jafi it' will 

interfere with the of tli? * Jtt^putpote is 
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merely to prevent the oxide fi’om beiug fl'aalied out through 
the vnpoui outlet into the bisulphide flask 

The flask having been accurately weighed, and the extraction 
tube properly packed as described, the exti’action may now be 
proceeded with. Place the tube into the flask, fitting tightly 
in place Take a small, dry funnel, and jdace in the mouth of 
the flask Pour about 10 or 16 c c. of bisulphide through the 
tube, allowing it to sink through the layer of oxide, when the 
solvent will fall into the flask, coloured a dai*k brown. When 
the bisulphide has run through, connect the apparatus together 
as shown, tlie cx)ndenser having previously been fitted with a water 
supply A beaker half filled with hot water contains the flask, 
and a small Bunsen burner supplies the necessary heat. The 
water used in the beaker should be previously brought to boiling, 
and then ]ust sufficient poured into the beaker to cover this to 
the neck, when immersed The best arrangement of apparatus 
for conducting this test is to clamp the vertical condensei to a 
heavy retort stand by means of a clamp at the top of the rod 
of the retort stand A ring, with wire gauze, is fitted at the 
bottom to receive the water bath, and in the centre another 
bniullor clamp is fixed to secure the neck of the bisulphide flask 
By means of the upper clamp the condenser can be raised or 
lowered, so that the exact height of the bisulphide flask may be 
adjusted, and this height should be such that a small Bunsen 
burner can be easily slipped underneath the bottom rmg and 
gauze. A safety burner should be used vath this apparatus, not 
a rose Bunsen 

The apparatus now being ready, drop the beaker, aoad partly 
fill it with boilmg water, as already desenbed. Having seen 
that the water ib running through the condenser, and that the 
oxide tube is tightly fitted mto the neck of the bisulphide flask, 
raise the water bath po that the flask is immersed- After a 
few seconds the bisulphide will begm to distil, and presently 
the vapour will condense on the end of the condenser tube, and 
drip back upon the oxide If hot water is used in the beaker 
at the commencement, there will be no necessity for the use of 
the Bunsen at this stage. Allow the oxide tube to fill up with 
bisulphide, and then iightly drop the beaker by means of the 
ring, until the condensed bisulphide falls from the condenser 
at just the same rate that the discoloured solvent drips from the 
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end of the oxide tube into the flask. As the water in the beaker 
cools, apply the small Bunsen, using a very small flame, which 
is quite sufficient to keep the distillation of the solvent going 
on. The object to be kept in view m using this oxide apparatus 
18, that the condensed solvent should fall into the oxide tube at 
the same rate that the discoloured solvent runs from the end of 
the tube into the flask. To effect this, some little manipulation 
of the water beaker and burner are necessary, but with a little 
practice it may easily be effected. If the oxide tube fills up 
with solvent, and the solvent does not run through, it is only 
necessary to remove the burner, drop the water bath, and allow 
the flask to cool a little, when the discoloiued solvent will fall 
m a steady stream until the tube is emptied Care must be 
observed in the use of gas flames while conducting a bisulphide 
test, and, as mdioated, it is only necessary /to use the Bunsen 
occasionally with this apparatus. 

The extraction of a sample of spent oxide is effected in from 
twenty minutes to half an hour in Balers apparatus The 
completion of the exti action is indicated by the solvent 
running colourless from the end of the oxide tube When this 
stage is reached, allow the distillation to continue for several 
minutes, clear solvent passing tlirough all the tune; then turn 
out tlie gas flame, remove the water bath, and allow the flask 
to cool Detach the flask, connect it to a oondenser with 
receiver, and distil off the bisulphide until the sulphur is left 
in a dry condition at the bottom of the flask. Take the flask 
away, and place it in a cool place where there are no gas flames, 
allow the vapour to cle€u: off, and then dry in the water oven, 
weighing after about an hour, and then at half-hour mtervals until 
the weight is constant. The percentage of sulphur contained in 
the sample is then calculated as follows • — 


Sulphur X 30 = per cent sulphur on sample as received. 

In conducting the sulphur extraction test described above, 
a beaker has been mentioned as forming a convenidiit water bath. 
Beakers, however, are easily broken, and the^ete^e it is well to 
use a copper vessel, made in the form of & be$k^!^, a^s a Water 
bath. The naked flame should never be 
is employed in any test ' > i i t 

If the Soidilet extraction apparatus 
employed, the weighed sample of otidep 
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cartridge of filter paper, and placed in tlie cylinder of the Soxhlet 
extraction tube. Solvent is then poured over, and allowed to 
percolate through the sample, the extraction being carried on in 
much the same manner as m Bale’s apparatus, but more solvent 
IS required— sufficient to fill the tube up to the siphon, and 
still leave a quantity in the distillation flask. 

SULPHATE OF AMMONIA 

Sulphate of ammonia is generally tested for moisture and 
percentage of ammonia Commercial samples of sulphate should 
be of a good grey colour, and should contain 24 per cent, of 
ammoma 

161. Moisture. — Mix the sample well, crushing the lumps 
m a mortar, and draw a sample by quartering, as already 
explained in pai’agraph 68 From the flnal sample weigh off 10 
grammes on the balance, spread out in a weighed basin or on a 
clock glass, and dry in the water oven at 100° C After drying 
some time, weigh off , again dry for an houi', and again weigh, 
repeating the operation until the weight is constant. The loss 
on the 10 grammes, multiplied by 10, is the percentage of 
moisture. 

162. Ammonia —Weigh off 2 grammes of the crushed and 
mixed sample, before drymg Take a flask of about 600 c c. 
capacity, and insert a rubber stopper pierced with one hole in 
the centre. Into this fit a piece of glass tubing, bent at right 
angles twice. To the other end of this bend fit on extraction 
tube with a wide ei^d. Insert the 2 grammes of powdered sample 
into the flask, which should not be supported by a ring, but 
clipped by a stout olewnp at the neck. Pour into the flask about 
200 0 . 0 . of tap water, and 20 oc. of milk of lime, made by 
rubbing up slaked lime to a peiste with water, and shaking well. 
Into a small beakor, holding about 200 c c , run 60 o.o. of normal 
sulphuno acid solution, and arrange the apparatus so that the 
end of the gas delivery tube dips underneath the surface of the 
acid about half an inch. 

When all is ready, apply a gentle heat by means of a small 
rose burner, and bring the contents of the floisk to the boiling 
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Care must be taken m this test that draughts aie excluded from 
the Vicinity of the apparatus during the distillation It 
frequently happens, when the flame of the burner is wafted asid€{ 
by a current of air, that the acid in the absorbing beaker is 
sucked up through the tube and into the distilling flask, of coui’se 
spoihng the teat altogether. If the acid ascends beyond a safe 
point in the tube, raise the gas flame for a second The rush 
of vapour will drive the liquid back, and the flame may be 
adjusted again. The distillation should be continued at a 
bnsk rate — provided there is no smell of escaping ammonia — 
for about half an hour At the end of this time, drop the beaker 
of acid, turn off the gas, and allow the acid to cool. Then 
titrate with normal soda solution, uamg methyl orange as an 
indicator. The number of c c. of soda solution used are deducted 
from the original volume of acid taken, and the difference is the 
acid neutralised by the ammonia in 2 grammes of the sulphate. 
The calcidation is then as follows — 

C C. acid taken for absorption - c c soda used in final titration 
X 50 X 0 017 = per cent, ammonia 

GAS LIQUOH. 

The following method of estimating the ammonia may be 
used m the testmg of the ammoniacal liquor from gasworks, 
and also the “crude concentrate” used in many chemical 
manufactures 

163. Specific Gravity — This may be taken by the Twaddell 
hydrometer. Gas liquor is usually stated as so many degrees 
Twaddell, and concentrate as containing a certain percentage 
of ammoma The Westphal balance may be used, or the method 
of estimating specific gravity by actual weighmg, if greater 
accuracy is required, 

161 Fercdzitage of Ammonia. — Mix the sample well, 
and pipette off 26 c.c into the apparatus used for testing sulphate 
of ammonia, weighmg the sample bottle before ,and aftei. 
Distil as there described (paragraph 152), and titrate with ijtormal 
soda, using methyl orange. c.c of acid consumed equal 

to Q'0l7 gramme of afiamonia,; therefore t . ’ 
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165. Ammonia in Ammonia Concentrate.— Prepare the 
ammonia distillation apparatus os described for sulphate of 
ammonia Clear the neck of the sample bottle containing the 
concentrate to be tested, removing all sealmg wax, etc. Weigh 
on the rough balance Now place about 160 c c. water in the 
distillation flask, and pipette off 26 c c. of the concentrate into 
the flask, allowing the pipette to discharge under the water. 
After withdrawmg the pipette from the sample bottle, the latter 
must be carefully stoppered again Weigh the bottle, and so 
ascertain the weight of concentrate taken for the teat. Now 
conduct tlio distillation as before, with milk of lime, titrating 
with normal soda solution 

166. Ounce Strength. — A common method of stating the 
strength ol* crude gas liquor is by what is known as "ounce 
Htrengtli This term indicates the number of ounces by weight 
of real sulphuric acid, which would be neutralised by a gallon of 
the gas iKjuor. The most aoom’ate method of estimation and 
expression, from the standpoint of the analyst, is to indicate the 
pei'ceiitage of ommoma contained in the liquor (see paragraphs 
152-5), but as the “ ounce strength " is very often used in practice, 
the method of testing is here described, 

Solutwns Eequvred — Sulphuric acid (66 loo, pure acid of 
exactly 1 84 specific gravity, pen litre) Measure off 66‘1 c c. of 
the strong acid, and pour it, with constant agitation, into water 
in a litre flask, makmg up to the mark when cool. Test this 
solution ^Ylth the Westphal specific gravity balance (paragraph 
18) at 60° F.; it should mdicate 1*0644 s.g Such an acid is 
known as “ 10 per cent acid,” 

Alkali Solution . — A solution of ammonia is generally used 
(117 c.c. liquor ammonia 0 880 specific gravity, in a litre). 
117 c.c of pure hquor ammonia is diluted to a litre Pipette 
off 10 c.c. of this solution into a oonioal be€dj:er, add a little water 
and a few di'ops of methyl orange, and titrate with the "10 per 
cent acid.” * The two solutions should exactly neutralise each 
other 

Method of ABcertoimng Ounce Fill «i burette 

with the gas liquor, and run off 16 o.o. into the flask used in 
jp^ragraph 162 ; add milk of hme, and distil ae there described. 
Absorb the ammonia in 16 o.o. of “10, per cent, acid” diluted 
to a oonve^i^t ^ dfistillaition 
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until the contents of the flask are free from ammonia Cool 
the acid distillate, add a httle methyl orange, and titrate with 
the ammonia solution until the excess of acid is neutralised. 
Deduct the number of o c from 16, and the figure so obtained is 
the “ounce strength” 

157 Free and Fixed Ammonia in Gas Liquor. — I'he 
proportions of free and fixed ammonia are ascertained by (1) 
distilling the bquor without lime, and titrating as m paragraph 
162 This gives the free ammonia, the distillate being titrated 
separately (2) Now add to the residue in the flask, after 
boiling off the free ammoma, the miUc of lime, and continue the 
distillation, absorbing the gases m fresh acid. Titrate this 
separately also ; the result is the fixed ammonia. 

168. Ammonia by Direct Titration —Pipette off 2D c c 
of liquor into a medium-sized flask , dilute well with water, so 
as to dimmish the colour of the liquor. Add methyl orange, 
and titrate with standard acid Ensure neutralisation by using 
litmus paper at the end of the titration, and make several tests, 
taking the average of two or three Then, 

c.e standard acid used x4x00lT = per cent, of ammonia 
m liquor. 

169. Prussian Blue in Spent Oxide. —Weigh off 2 gm. 
of dried sample in a 'beaker, add 60 c c wamn water, and digest 
on the water 'bath for an hour. Filter, wash the oxide on to 
the filter paper, and wash well with hot water This preliminary 
digesting and washing removes the sulphocyanides Now wash 
the oxide back mto the beaker, cover with caustic soda solution 
of 2° Tw strength, and digest on the water bath for about two 
hours. Filter through the paper already used, transfer the 
oxide to the funnel, and wash well with hot water Dilute the 
filtrate and washmgs a little, and add a mixture of ferrous and 
feme ohjonde, and acidify with hydrochlono acid The Prusaiim 
blue is now precipitated. Transfer the whole to a very large 
beaker, and dilute largely Allow to stand over-night Next 
mormng, siphon off the clear liquid as far as possible with oare* 
but avoid agitating the precipitated blue T^e a dean weir- 
ing bottle^ and weigh it. Into the water bath place a filter, paper, 
dry^ and weig^ in the wmghang feottla After drying an^ Weigh** 
ing, fit the paper hAo a funnel, and filter off the blue. Dry the 
fitter papor and blue (st^ m the funnel in the water ove^), 
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weigh in the weighing bottle, which should be kept in the oven 
during the final drying. Cool under the desiccator, and weigh 
The difference in weight is the Prussian blue from 2 gm. This, 
multiplied by 50, gives the percentage contained in the dried 
sample. 

COKE. 


160. Ash. — Weigh off 1 gm. of the finely-powdered sample, 
and estimate the ash as in paragraph 71, The residue, multi- 
plied by 100, gives the percentage of ash. 

161. Sulphur. — This is estimated as in paragraph 72. 

162. Moisture. — The sample should be roughly powdered, 
and 10 gm dried m the water bath until the weight is constant. 
The loss, multiplied by 10, gives the percentage of moisture in 
the coke. 

163. Calorific Value. — This is estimated as m the case of 
coal (paragraph 74). 

TAR. 


164. When coal tar is to be tested, the examination usually 
comprises the estimation of the following constituents. — 

(1.) Ammoniacal liquor 

(2 ) Light oils. 

(3 ) Kiddle oils 

(4.) Anthracene oils. 

(6 ) Pitch. 

The tests should be conducted on as large a scale as possible, 
and where many tests are required a small still is generally 
fitted up specially For an occasional test, however, a distilla- 
tion fiask of about 2 litres capacity, provided with a side neck, 
will answer. Fit up the flask attached to a Liebig’s condenser, 
so arranged tliat warm water can be used in the condenser jacket 
in place of cold, at the end of the test. Dry the flask, and weigh 
it. Measure about 2 litres of the tw into the distillation fiask, 
and weigh the flajsk and tar; the difference gives the weight of 
tar taken for the test. 


Fit a rubter stopper, bored with one hole, into tiie flask. 
ThroTtgh'tbe hole introduce a nitrogen-filled thermometer, with 
4 eeaid to 400'^C., with the bulb on a level with the side 
Soapport the flask on a piece of wire gauze, and 
& ^o( the flask firsnly. Oonneot ig> the side 

i ' 

1 ^ j j 
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tul^e of the flask to the condenser, place a flask, immersed 
in cold water, to receive the distillate, and commence heating: 
with a good rose Bunsen bimner 

165 Ammoniacal Liquor and Light Oils— When the 
first drop cornea over, note the temperature Kaise the heat 
very gradually to l70® C., collecimg the distillate in a receiver. 
The products distilling ofl up to 170° C. consist of ammoniacal 
liquor and light oils Place the mixture in a graduated cylinder, 
allow to settle, and read off the volume of each, or transfer 
the mixture to a separating funnel, run off the water and oil, 
and measure them separately The liquor is tested as -previously 
described, and the specific gravity of the light oils is estimated 
by the Westpbal balance 

166. Middle Oils. — After the distillation of the first 
fraction^ warm water must be run into the condenser in place of 
cold, and the temperature raised to 270° C After 170° C. is 
passed, the products of the distillation generally have a tendency 
to block up the delivery tube fiom the flask, m this case the 
tube must be gently warmed by the apphoation of Bunsen 
burner, and the water in the condenser kept hot. Afterwards 
the distillate becomes more fluid, of a yellow colour, and of s 
pasty consistency on cooling During this p&rt of the test, the 
receiver need not be cooled. When the distillation ceases keep 
the distillate liquid by immersion of the vessel in hot water, 
and take the apeciflo gravity while hot with the Weatphal 
balance, notmg the temperature at which this is done While 
liquid, measure off the distillate. 

167. Anthracend. — Take away the condenser, and m its 
place use a short, wide tube, and oontmue the distillation to 
about 360° C, when dense fumes are given off K any of the 
last distillate solidifies in the tube, heat this, and allow the 
liquid to run into the receiver. Keep the distillate Uquid by 
standing the receiver m very hot water, and measure while 
liquid. Take the specifio gravity at the same time (at about 
76° C} 


168 Fitch. — Allow the flask to cooj, and then weigh; 
deduct the weight of flask, and the difference is the weight of 
the pitch, which shotild' be mehdd' out and kSehii {o^ refe]^eh<^e;. 
From the figures ^ 

yields of the differ^iA 'prc^cits Jnli^ be ^ ^ . 


i ' ' M h j I i 
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CHAPTER VII. 


Chemicals and Raw Materials Used in Paper Making. 

Altliougli the paper nialier has made considerable progress 
during recent years, so far as the testing of his raw materials is 
concerned, it is iioverthclcss true that in many works little is 
done 111 the way of controlling the various raw matenals employed 
in the manufacture, the chemicals which are used, or the fuel and 
oil consumed in such great quantity. 

It is quite true that in some paper mills everything is done 
'which can be desired to ensure proper control m every du’ection, 
not merely so far as the raw materials are concerned, but this 
control IS extended to the procens operations generally, and every 
step of manufanture is watched by a competent chemist There 
are paper mill laboratories m Lancashire, in the heart of the 
paper-malcing district, winch can only be described as models, 
and the equipment of which leaves nothing to be desired, either 
as regards apparatus or stof . But it is equally true that other 
mills, not far removed as regards locality, are so badly equipped 
that ohemioal knowledge is as conspicuous by its absence as is 
the chemical balance ; where the smallest weight to be found in 
the place is Joz. j where, if bales of pulp are to be weighed for 
testing purposes, the analyst is referred to the weigh-bridge m 
front of the lodge j and where the most delicate balance resolves 
itself into what appears to be a pair of old grocer’s scales 

In many mills in the North, the necessity for establislung 
ohemioal control of raw matenals has only been realised, in any 
genfti^ degree, within a very' recent ponod. Even five years ago 
there ^were many large and very important mills where no testing 
wi«ta^ was eortisd Oiut, The condition of the paper mills m 
I 4 ipieame diflft'h)* to* 4 a;Jr is' diffeijent “Kiere are^ as already 
' ^ feVeria Qinipped laltoratories, and’ many 

^ ^ but, 

J i ^ „ i M I i t i i u r i : - 
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when BO muoh has been said, it yet remains a fact that, in a large 
proportion of mills, the chemical control is very imperfect, if it 
exists at aU 


The mtroduction of wood pulp is responsible, m a number 
of oa^es, for the awakemng of the paper maker, so far as chemical 
analyais is concerned. It was indeed a rude awakening for him 
to find that he was paying for water at the rate of some £10 a 
ton, and, once this fact had gone home, and it was realised that 
pulp makers were in the habit of delivermg dry pulp containing as 
much as 16 per cent of moisture (and m many cases even more) 
it was not long before efiicient steps wore taken to alter this 
state of things, and to ensure that the paper maker only paid 
for the exact weight of fibre which he actually received. At the 
same time, it is astounding, to those who are intimately acquainted 
^ witli the cu'cumatances, to observe the very gradual manner in 
which the paper maker has availed himself of chemical assistance 
in controlling the condition of what is now one of his staple raw 
materials He has manifested a most sublime faith in the quality 
of the goods dehvered to him, and he has only recently appre- 
ciated the fact that, by intelligent testing, it is qmte possible 
to effect econonues, the influence of which, at the end of the 
year, is little short of startling, and the mstanoes mentioned in 
Chapter I. might be multiphed indefinitely 

The testing of pulp, and the results obtained, paved the way 
m many mills for the mtroduction of other tests. In some 
mstances, however, the mitiative in the development of the 
analytical department of the papar mill haa not come from the 


■ 


management There are many cases where, On the part of a 
member of the ofldce staff, the possession of a certain amount of 
chemical knowledge, acquired labariously through the medium 
of the techiuoal school, and m the hands of one acquamted with 
the practical Tequirements of a paper milX, has resulted in very 
beneficial eff^ts on the eoommj of the estabUshlnent. 

latter point i$ one which will bear emphasis, 
makers, when told that they should avail themi&elves of ehemioaT 
; b^QwJedgq, often ttat it not wSWa their reach ; jmbBc 
fees prohJBtiit^tWii 
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chemical tastes, a suflicitint amount of analytical knowledge to 
carry out simple teats, and — what is equally valuable — an 
acquaintance with the ‘practical conditions of the mill which 
has enabled him to direct his energies into the right channels 
Such a man has been given a free hand to apply his knowledge, 
and the result has been eminently satisfactory. The raw 
materials have been tested — ^pulp, bleach, and other chemicals — 
and when the quality has been at fault, a public analyst has been 
called in to confirm the works test, and to fight the claim 
Other paper makers might adopt this course j the result could 
scarcely fail to be satisfactory The coat of fitting up a small 
laboratory is very little ; the benfits to be derived from simple, 
intelligent work, are very great. 

With these introductoiy remarks, the testing of some of the 
raw materials and chemicals used m the paper nulls may be 
considered, with the note that m the other sections will be found 
many tests equally applicable to the paper trade. 

CHINA CLAY. 

169. Samplmg. — Draw a representative sample from the 
bulk by taking a quantity from a number of the packages — every 
third one, for instance — ^thoroughly crushing, mmng, and 
sampling, as in the cose of bleaching powder (paragraph 85) 

170. Moisture. — Weigh off 60 gm of the prepared sample, 
and dry in a large dish m the water oven at 100° C., weighing 
at intervals of about au hour till the weight is constant. Tlie 
loss, multiplied by 2, gives the percentage of moisture. 

171. Oolour, etc. — The physical properties of Chma clay 
are judged by oomporisoTi with good standard samples. 

CAUSTIC SODA. 

172. Sampling.— See paragraph 93. 

172a. Available Alkali— See paragraph 94. 

172b. Insoluble.— See paragraph 95. 

SODA ASH. 

173. Sampling. — See paragraph 104. 

173a. Insoluble Matter.— See paragraph 105. 

178b. Available Alkali— See paragraph 106 
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RECOVERBD SODA. 

174. Available Alkali. — Recovered soda must be ver\ 
finely powdered, and the sample boiled in water before the titriitinn 
for total alkali is made, as in the case of Sf da ash. 

' GELATINE 

176. Moisture.— Weigh off about 50 gm. of the sainplo 
(obtained by taking samples from various parts of the deliveiy), 
break into small pieces, and dr}'* in the water oven at 1 00*^0. 
until constant. The loss, multiplied by 2, gives the percentage 
of the moisture present 

176. Ash. — Weigh off iO gm. of the carefully selected saiuplc, 
and burn off in a weighed platinum dish ; ignite the residue nt 
a dull red heat over a Bunsen burner or in the mufHo furnace 
until combustion is complete, and residue x 10 = per cent. ash. 

177 StrGngth. — A method for estimating the relative 
strengths of samples of gelatine is to make up jellies with water, 
using the same weight of sample and the same volume of water 
in each case When the jellies are cold, they are tested by 
placmg weights upon the surface By the behaviour under 
these conditions comparative values may be obtained for the 
“ stiffness ” ^ 

STARCHES ^ 

Apart from the microscopical examination of starches (which 
does not come within the scope of this volume), the chemical 
tests usually applied are those for moisture and ash. 

178. Moisture.— Draw a fair sample (see gelatine) : grind 
an ^ mix t oroughly, and ignite 10 gm in a platinum or porcelain 
ba^ m the water oven at 100° C, until the weight is constant. 
The loss, multiplied by 10, gives the percentage of moisture. 

179, Ash.— Wmgh off 10 gm m a platmum oruoible, and 
ig^ over a Wn burner or in the muffle furnace until com- 
b^on IS complete and the weight is constant; cool in the 

str* S'”* 

» — °' *■““ "S*“* ««lWa»o». .ud. 

M starch and gelatane,. th^ igmtlon must be'i&itiaued until all 
maina Where th«^ o| k^kll U 

i i ' ' ' < i 1 irn ; ; I ! 1 
i:: I Inlii. 
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(about J per cent) errors may easily be introduced by not 
oiisuruig complete combustion 

180. Strength. — Estimate as in the case of gelatine 
(paragraph 177). 

181. Insoluble Matter. — Dry and weigh a filter paper 
Weigh off 10 gm. of the prepared samplCj and dissolve com- 
jiletely in water. Filter through the weighed paper, well wash 
the residue with hot water on the paper, and dry the paper 
(still m the funnel) in the water oven. Weigh off m the weighing 
bottle. Multiply the residue by 10 j tins gives the percentage 
of insoluble matter present If tins is small, a check test 
should be made on 50 or 100 gm. 

ALUM SULPHATE OF ALUMINA ALUM CAKE 

182. Alumina, — Weigh off 2 gm. of the powdeied and 
thorouglily-mixed sample, dissolve iii water m a beaker, add 
amiiioiimni chloride and ammonia ni excess, filter, wash the pre- 
cipitate well on the filter, dry on a dock glass over the watoi 
bath, finish in the water oven, ignite until constant, and weigh 
the ignited residue This x 60 = per cent alumina 

183. Insoluble Matter.— Weigh off 100 gm , and dissolve 
111 hot w 0 ^. Filter, wash the residue, and dry the filter paper 
over the 'water bath or m the oven, and ignite in a weighed 
crucible The residue is the percentage of insoluble matter 

184. Free Acid. — The method generally employed for the 
estimation of free acid is to digest, say, 10 gm of the finely- 
powdered sample in alcohol, filtering, and titrating the acid with 
standard alkali 

A solution of Congo-red is turned blue with free acid This 
is useful as a qualitative test 

PKUIL HARDENING. 

ISfii Moisture — Grind, and well mix the sample Weigh 
off 10 gm., and heat m the water bath to 260° C., until constant 
Tlie loss, multiplied by 10, gives the percentage of total moisture 

186. Oolour, etc — The physical properties of pearl harden- 
ing must be estimated by comparison with good standard samples 

BLEACHING POWDER 

186a. — See paragraphs 84, 85, and 86. 

8 
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ULEACHING LIQUOR. 

186b. — See paragi’apli 87 

PAPER TESTING. 

187 Ash. — Weigh off 1 gm. of the sample into a porcelain 
or platinum crucible, and ignite over a Bunsen burner until the 
organic matter is completely burnt off. Cool luider the desic- 
cator, and weigh; ignite again, cool, and weigh; repeat this if 
any loss has taken place. The residue (multiplied by 100 if 
1 gm has been taken), gives the percentage of ash 

188 Moisture. — Where the estimation of this is reqmred, 
cut up from 20 to 100 gm , dry in the water oven, and weigh 
until constant Calculate the moisture from the loss. 

189 Physical Tests — Physical tests are somewhat outside 
the scope of this work For information on the subject the 
reader is referred to “ A Text-book of Paper Making/' by Cross 
and Sevan (E. & F N. Spon). 

Thickness, — This is best estimated by means of a micrometer, 
the thickness being read off direct from the scale of the 
instimment 

Weight — Special balances aie in use in most paper mills, 
and need not be described in detail. 

Strength — ^The remark m tlie last paragraph also applies 
here 

190 Detection of Mechanical Wood Pulp.— A solution 
of phlorogluGiix in hydrochlonc acid gives a red colour when 
mechanical pulp is present The percentage of this oonstitutent 
IB estimated in some mills by comparison with a set of samples 
containing known percentages of mechanical pulp. 

THE SAMPLING AND TESTING OF WOOD PULP. 

191 Perhaps no raw material used in any prooess of manu- 
facture is liable to greater variations in physical eondition than 
wood pulp By reason of its composition, pulp ia subject to 
variation m a measure which is almost bewildering, sp far as 




WOOD PULP TE-siTINa 


99 


Lone-clrj’ pulp ; dry pulp is supposed to contain 90 per cent, of 
bone-dry pulp, and 10 per cent of water. Besides these two 
divisions, pulp IS known as chemical pulp and mechanical pulp. 
In the one case the material is obtained by the chemical treat- 
ment of the particular wood from which the pulp is manufactiu’ed, 
while, in the case of mechanical pulp, the operations involved 
in its pieparation are wholly of a mechanical nature 

In commerce, then, we find the following qualities of wood 
jmlp . Moist mechanical pulp, dry mechanical pulp, moist chemical 
pulp, and dry chemical pulp It is with these four qualities that 
■wt* have to deal 

Tlie problem of sampling and testing wood pulp, though on 
the face of it appaiently simple, is yet one of the most difficult 
which the industrial chemist has to solve. Very much has already 
been written on this subject. The pros and cons of the matter 
liave, at different times and m various places, been more or less 
completely discussed, and what is here contemplated is to set 
forth, as clearly as possiljle, a plan of working, by following 
winch the paper maker and his chemist will be able, with a fair 
degree of exactness, to deal satisfactoiily with most of the 
situations which arise in the work of testing their supplies. 
The methods suggested with reference to damaged parcels are 
tlic outcome of a somewhat wide experience of this difficult paii; 
of the work of pulp testing, and they liave been applied, during 
the past five years, with a considerable amount of success 

192. Peroentagd of Bales to be Sampled,— The regula- 
tion percentage of bales to be taken for samplmg purposes is 
recognised as being 2 per cent, of the total number comprised 
in the parcel, not less than five hales being taken for the purpose 
of a test. Where a very small parcel is concerned — say, 100 
bales, more than five bales are desirable ; a good rule is to take 
10 out of such a small parcel. The reason for this is, that wheie 
very small parcels are oonoerned, and where only five boles are 
taken for a test, it is quite possible that a second test will show 
a very different result from the first For instance, in a parcel 
of 100 bales, two lots of five each were taken, and sampled 
separately The first showed 16 per cent, of moisture, the second 
g4ve only 10 per cent. Now, if the first five bales only had 
been sampled, the result would have sho\>^n a claim of 6 per cent, 
moisture. If the sample had happened to consist of the 
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second five bales, there would have been no claim whatever In 
such case, therefore, it is plain that it would depend entirely 
upon chance as to which of the results might be obtained It, 
however, the whole of the 10 bales were included for the purpose 
of the test, the average result would be much more likely to 
represent the true condition of the parcel of pulp. In small 
lots, then, experience indicates that the more bales included 
111 the sample, the better is the test, and in small parcels, 
consisting of 200 bales and less, nob fewer than 10 bales should be 
taken in sampling Where a parcel consists of anything from 
oOO to 5,000 bales, the specified proportion, 2 per cent , is ver^r' 
satisfactory 

In very laige pai'cels of pulp, from 6,000 to 20,000, the 
operatoi is confronted with a different state of things In a 
parcel of 10,000 bales, m order to conform with the provisions 
of the existmg contract note, at least 200 bales must be sampled, 
and, where the higher number is concerned, 400 bales will bo 
reqimed for the purpose of testing It may seem almost out of 
the question that such large parcels as this will need to be dealt 
with, but as a matter of fact they are by no means unknown, 
and the mechanical work of sampling 400 bales of moist pulp is, 
to say the least of it, rather staggermg 

When dealmg with these exceptionally large parcels, it i< 
a matter for consideration whether less than 2 per cent of tho 
total number of bales might not be taken m sampling At 
present the chemist has no option, and, if his test is to bo 
officially recogmsed, he must take the full number of bolefl as 
specified m the contract note Experience seems to indicate 
that a deviation from this rule might be allowed with perfect 
safety, but, under existing oircumstanoes, the full number of 
bales must be included if the test is to be recognised 


193. Damaged Bales,— Where a pareel of pulp is found 
in normal condition, the work of sampling is a very simple one 
In such a case rt will generally be found that, by selecting the 
stipulated 2 per cent, of the total numbOT of bales in the parcel 
from different points m tjie stack, wlyj t?wo te^ -^ill agree fairly 
well, provided that the pulp is moderpi^ly iti Tuoisture 


When, however, the pulp is reoek®<J iit |i ^ 
this simple state of things is; j 

have been damaged by sea wijt^i^ 


condition, 
Pulp may 
ir^ason of 
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having been ciuTied as deck cargo, or from other causes, or it may 
have been damaged by rum water, tlu’ough bemg packed in 
railway wagon b, winch have not been properly sheeted up dui’mg 
heavy rain. In either of these cases the difficulty of testing 
is very considerably increased To accurately sample a damaged 
poi'cel of pulp lequnes a great deal of discrimination on the paili 
of the operator. • 

If it is known that the poi’cel has been damaged, the bales 
should be ycry carefully selected from all parts of the stack, 
and the wciglitb accurately taken We will assume for the sake 
of example that a parcel of 2,000 bales of moist mechanical pulp 
has been delivered in bad condition, and is wetted by sea watei 
It will generally be found m such a case that the bales con- 
Btituting the puicel may be divided mto two classes In the 
lirht class the weights will be liigh, and in tJie second class they 
will he eithei iiormiil, or a little over the normal weight 
jVssumiiig that the parcel is composed of 4 cwt bales, and that 
40 bales tu'e being taken for sampling pui'poses, we should 
probably find that some 20 bales would scale anything from a 
few pounds over 4 ewts to about 4 cwta 1 qi , while the rest of 
the bales selected would weigh 4 cwta , or a few pounds above 
or below this figure 

111 weighing the bales selected foi sampling, the two classes 
above referred to would generally be found scattered throughout 
the parcel. Thus it might happen that the first half-dozen bales 
would scale normal weights, then a heavy bale or two would 
come 111 , after which normal bales, wet bales, and dry bales might r* 

be indiscriminately mixed, Tiie point is, that when the whole 
40 bales had been weighed, and the weights examined, it 
would be seen that the selected bales could be divided mto the 
two classes already mentioned — normal bales and abnormal 
bales Tlie normal bales, when opened, will be found to be fairly 
uniform in moisture contents j the abnormal bales, on the other 
hand, generally prove to contain a thick layer of top and bottom 
alieets winch have been saturated with sea water. In very bad 


oases the damaged pulp is not merely at the top and bottom of 
tlie hale, but the water will have penetrated quite through, and 
“the to all appearances will be uniform in moisture, but the 
j of moiature, instead of being 55 per cent , will be 

; I 1^1 9 r ev^n 70 per cent. TbfS ^ceaa of water, however, is 
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often found, not always evenly distributed tliiough the bole, 
but in some cases, for a depth of a couple of inches the sheets 
will be qiute saturated ; in the rest of the bale a ring of pulp m 
the centre of the sheet is in about normal condition, while the 
remainder of the sheet will be satuiated vith water taken up 
during transit. 

This 18 a most difficult state of things to deal with The 
phipper of the pulp in such cases as this sometimes argues that 
all damaged bales should be rejected m sampling, and that only 
boles of normal weight should be included for the pm’pose of the 
test From the seller’s point of view this may seem a fair 
contention, but to anyone who has had an extensive experience 
of damaged parcels of pulp, it is quite impossible to admit the 
argument. If, m a parcel of 2,000 bales of moist mechanical 
pulp, it is found on sampling that 20 bales scale, as already 
i^ndicated, up to 28 lbs excess weight — for the sake of argument 
we will assume that the average of excess weight in this parcel 
is SO lbs per bole — then, according to the contention indicated 
above, all of these heavy bales should be rejected, but if, 
during a careful sampling of this parcel, out of 40 bales selected 
for the teat, half of them show excess weight, then it is only 
reasonable to assume that something like this proportion of 
heavy bales wxll be found throughout the consignment 

The seller’s reason for taking exception to the inclusion oE 
heavy bales in a test is that the percentage of moisture so 
obtained will be unduly lugli, while, if the heavy bales are kept 
out of the sample, the peicentage of moisture will be nearer the 
normal, juad accuracy will be ensured. 

Oil the other hand, the paper maker argues that if the heavy 
and, therefore, wet bales ore rejected m samplmg, then the 
percentage of moisture, as indicated by such a test, will be far 
too low; and since it is apparent, without testing, that a con- 
siderable portion of the pared, contains a very lai’ge excess of 
water, it is not fair that he should be asked to pay for this pulp 
as containing 65 per cent, of moisttire, when part of it certainly 
contains at least 60 or 70 per oent. 

What ore the relative merits of these contentions,, and what 


18 the proper cour^ be pqrsised imd^ such circumstance I 


On the one han<l itiis p^fffeetjy true that, if the.heivy be|l6a 
included in tlie sample, then m^ialgu^ej tos^t wilj. .be > teiy 
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high, but it la equally tme that the &ellei will obtain credit for 
the extra weight of the bales, and therefore the gross weight of 
the parcel, as calculated from the mixed bales, will be veiy 
much higher than would have been the case if the heavy bales 
had been rejected Therefore, although the test will show a high 
percentage of moisture, the gross calculated weiglit of the parcel 
will also be high, and, if the samphng is accurately performed, 
and, moreover, if the selection of the bales has been carried out 
XU a perfectly fair and thorough manner, takmg representative 
bales from all parts of the stack, it is not too much to say that 
the result thus obtained will give a true indication of the actual 
air-dry pulp contained in the pai’cel 

Pulp merchants sometimes advance the contention that the 
object of testing is to ascertain the condition of a parcel of pulp 
when despatched from the pulp mill, and that, therefore, only 
intact bales, which scale invoiced weight within a few pounds, 
should be included in testing This argument is one which, in 
practice, cannot possibly be maintained If the pulp has been 
shipped in good condition, and has been stored m such a manner 
that it does not take up sea water or rain water dmung transit, 
ttie parcel will be delivered in the paper mill in practically the 
same condition as it left the pulp mill, and the operation of 
sampling and testing will present no difficulties whatever If, 
however, the parcel has been damaged by the absorption of sea 
water or rain water during transit, the pulp, as delivered, will 
not be in the condition m which it left the pulp factory Tlie 
question which the chemist has to decide, then, is • What is the 
percentage of air-dry pulp contamed in the parcel when deUvered 
in the paper mill ; not the percentage of air-dry pulp which this 
same parcel contained when it left the works of the pulp manu- 
facturer. 

If the paper maker is willing to buy pulp on the strength of 
a test mode before the pulp was shipped, he is, of course, perfectly 
at liberty to do so ; but in commerce it seems hardly reasonable 
ta suppose that such a proposal could for a moment be enter- 
tained seriously. Therefore tlie conclusion to which we are 


loipoediB this:-^ , i 

^ In the case ol damaged pulp, the bale® for the test should 
^ ^ sheeted Ia eitr^ooely careful manner Where 4 owt bales 
I i t>^p are cemo^n^ a gopd rule is to reject 
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all bales wbicli scale over 4 cwts. 1 qr Bales winch weipfh from 
4cwts 1 qr to the iionnal weight may safely be included, it 
being, of course, miderstood that all tlie bales selected shall bo 
in perfectly sound condition so far as the packing and general 
appearances aie concemed If a bale is clearly soaked with 
water, then it should be rejected, but in very many cases it will 
be found, where 40 bales ai’e weighed out of a damaged parcel, 
that bales which ai’e perfectly sound to all appearances, and 
not abnormally damaged, will scale anything from 10 to 20 Iba 
ovei the mvoiced weight, without showing distinct appearances 
of having been soaked with external moisture Abnonnally 
heavy bales should be marked when weighing, a good plan being 
to np up the canvas wrapper so as to call attention during the 
samphng, so that special care may be given to them. 

It occasionally happens, even m such a case as the one under 
consideration, that not only are very heavy bales present in 
faudy large proportion, but light boles also ore encountered. 
These light bales may weigh anything from 3 cwts 2 qrs. to the 
invoiced weight — ^that is, 4 cwts To all appearances the boles 
are m perfect physical condition The wrappers may be intact, 
and the sheets may be perfect, but on opening they will be found to 
consist of pulp which certainly does not contain 66 per cent, of 
moisture Now, it is not reasonable to reject such bales durmg 
weighing If the bales bear any mdication that they are not 
intact, or that sheets have been lost, it of course goes without 
saying that they should be rejected , but, in the absence of such 
mdications, they ought to be included when weighed haphazard 
m the ordinary course 

The rules to be observed m somplmg are then as follows . — 

Normal Parcels — 

(1) The bales to be selected from every part of the 

stack. 

(2 ) Tlie top and outside rows of stack not to be 

sampled ^ , 


(3 ) ^Ul bales to be sound ai-A Intaot r^;ard5 wrappor- 
iufif XLnd bands. ^ f « 1 3^ > . 
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Bain aged Pnrceh , — 

(1 ) Btiles to be selected from every part of the stack 

(2.) The top and outside rows of the stack not to be 
sampled. 

(3 ) All bales to be sound and intact as regards wrapper- 
iiig and bands. 

(4.) "With these provisions the bales to be selected hap- 
hazard 

(6 ) Bales ■weighing up to 4 cwts 1 qr in the case of 
wet pulp, and 2 cwts 1 qr ui the case of diy 
pulp, to be included m the sample 

(6 ) Light bales, if sound and intact, to be included 
as encountered. 

194. Selection of Bales — Assuming that the parcel to be 
saiupled is not in any way damaged, then in selecting the bales 
for sampling, only sound bales in thoroughly good condition 
should be admitted Tlie requisite number should be taken as 
iieaily as possible from all parks of the stack , top bales should 
be rejocted, as, if the weather has been dry, they may be imduly 
dried in, while, if any ram water has penetrated through the 
roof, the top bales of the stack will almost mvariably have 
absorbed this moisture. Rejecting rejected top bales, and 
in oil cases going as far into the stack as practicable, the 
bales should be made to represent, as nearly as possible, the 
whole of the stack. 


196 Weighing Bales. — Havmg secured the correct 
number of bales, these are weighed separately For purposes 
of pulp testing, an accurate platform weighing maclime is 
indispensable Tins is not always forthcoming, but it is certainly 
to the interest of the paper maker to ensure that pulp testing 
is performed with the aid of a thoroughly reliable machine, 
which will weigh up to, say, 10 cwts. This machine should be 
of the portable type, which can easily be removed from one part 
of the warehouse to another, so as to avoid excessive labour m 
truokuig Uie bales. Before commencing weighing operation^ the 
machine should be accurately balanced The bales ore thencare- 
fuQy weighed separately, weiglung to the nearest pound. During 
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196. Method of Sampling. — On this point, as on otliers 
connected with tlie subject, many methods of procedure have been 
suggested It is not here intended to discuss the merits of the 
various piocesses, but to mdioate a system which will, in careful 
hands, yield accurate results, Tlie method described is now m 
use in many of the principal paper miUa in the North of England , 
it has been adopted by the leading public analysts who malce a 
speciality of pulp testing, and it is recognised as a standard 
method by both buyers and sellers of pulp The system is na 
follows — 

Eip open the canvas covering of the bale, turn back about 
2 inches of pulp, and draw out a sheet; take a second sheet fioiu 
the centre, and a third from the other side, also about 2 inches 
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111 ilio first sheet, the top uiid left-haud side may be taken , m 
the second sheet, the bottom and the right-hand aide are 
selected. If four sheets were taken, instead of tliree, this would 
make a very accurate distribution, of the sampling, as all parts 
of the bale would be equally represented 

111 cutting the samples by this method, the triangles may 
either be out while the sheets are in position iii the bale, or sheets 
may bo withdrawn until a number of bales have been sampled, 
and the wliole of the triangles cut at once In this way the 
actual aanipliiip is hastened, and there is leas handling of the 
pieces. 

The sampling operations must be rapidly performed, as, while 
the sheets of pulp are heing exposed to the air, the moisture is m 
^^ume degree being abstracted, according to the condition of the 
atmosphere For cutting samples of pulp a keen, heavy pocket 
knife is tho beat insti’ument to use Special sampling knives 
have been devised, and many have been experimented with, but 
feo far the author has found that a heavy pocket knife, with a 
keen edge, answers better than anything else 

The triangles, diawii as above, the one cut from the centie 
to the end, and the other fiom the centre to the side of the sheet, 
should be secured as nearly as possible the same size — that is, 
when, say twenty sheets have been sampled, the long strips, 
when compared, should be as nearly as possible the some width 
at the base of the triangle, and should taper off uniformly to the 
inside of the sheet It will be clearly seen that, if m cutting the 
first triangle, the sample is cut with a base half an inch wide, 
and in the second sample tins base is enlarged to three-quarters 
of an inch, then a much greater proportion of the outside of the 
sheet will bo included in the second sample than m the first. If 
this outer edge be wet, then the moisture will be greater than in 
the cose of the first strip, while, if it be dry, a greater proportion 
of dry pulp will be present in the sample. 

The author has seen many oases where some samples have 
been cut at least twice as large as others, and when, as often 
happens, the large samples are the wettest, it follows, of course, 
that the result thus obtained would be far too high in moisture, 
while, on the other harkd, when the large samples are the driest, 
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cut as nearly as possible the same size The base should measure 
the sajiie in each case, and the Bain2^1es should taper uniformly 
flora the base to the point Unless this 2)recautiuii is observed^ 
the result will be inaccurate 

Tlie second pomt is that many operators, wdieii using this, 
method, draw the samples all from tho saiuo end of the bale. 
If one end of the bale be wetter than the other, a corresponding 
error will be mtroduced, while if one end of the bale be dryer than 
the other, the moisture result will be too low. The only way to 
overcome this difficulty is to cut the samiiles from alternate ends 
of the sheets If four sheets be taken out of each bale, then the 
fh’st sample should be drawn, say, fiom tho top 'and left-hand 
side of the sheet The samples cut from the second sheet will 
be from the right-haiid side and the bottom Tlie third sumide 
will be cut agam from the top and left hand, while tho fouilii 
will agam be cut from the right-hand side and the bottom. In 
this way a perfectly reiireseiitative sample is obtained, and, in 
the present condition of things, it is not easy to suggest a nioro 
practical system 

A method which has found much favour in the North of 
England, and the piacticc of which has been conducted with 
ejctiemely satisfactory and uniform results, is that of taking one 
sample out of each sheet, this being a triangle taken at a point 
one-tliird down the sheet, and one-third across. It is no exaggera- 
tion to say that dunng the lost five or six years many thouHaiids 
of tests have been made in different kinds of pulp, where tins 
method has been employed, and the result has, generally speak- 
iiig, been very satisfactory This metliod is bstsed upon the 
assumption that there is a point in the sheet of pulp which, 
under normal conditions, is free from the extremes of moisture 
and of dryness, and that this point is to be found one-third 
down the sheet, and one-third across. In normal pulp, and 
especially m dry pulp, this system has several advantages, one of 
which is that the size of the triangles can be kept menre uniform 
than 18 tho case with strips taken from the centre of the sheet 


to the outside It would appear that this argum^i^t 
equally well to the long stiips, but m practice it is :^ot' 
to carry out the theory, and it hes been found 
regulate the size of the single triangles than tc[ W 
d^ree of uniformity when samples are dr^^fi 
triangle from the centre of the kheet ^ ! T I « I 


applies 
sf) easy 
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tsf same 
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Althouju;!! thiB inuthod of sampling has been so exten- 
sively used, yet it has been none the less open to the very 
serious objections that the middle of the sheet and the outer edge 
are entirely neglected Where the pulp is in abnonnal coni- 
lion, and where the edges of the bales are eitlier wet or dry, then 
if ft sample is cut from a point which ignores these two conditions 
of moistiu’e, it seems only reasonable to suppose that error may 
be introduced, while, if the triangles be cut from the centre of 
the pulp to the outside, all the degrees of moisture contained 
in the sheet are represented in the sample, and, making allowance 
for all possibilities of eiror, the weight of evidence is in favour 
of this latter method, the general adoption of which would do 
much to remove obstacles iii the way of attaining uniformity 
The samples should be weighed ojff immediately During 
the sampling the triangles should be placed in a wrapper con- 
sisting of several sheets of pulp folded, or a tigbtly-atoppered 
bottle may be employed Where very large samples are to be 
drawn, a tin cylinder, fitted with a deep and closely-fitting lid, 
is a useful receptacle The bottle or tin is accurately tared, and 
the difference m weight is the weight of pulp contained 


PULP-DRYING OVENS 

In order to ascertain correctly the percentage of moisture 
contained in a sample of pulp, it is, of course, necessary that the 
drying operation should be conducted in a properly-constructed 
oven, which will maintain the required temperature for any length 
of time which may be necessary for the complete drying of the 
sample, 

197 . Pulp-drying ovens fall into three classes. (1) Of these, 
the first IB the water oven, constructed on the lines of the ordinary 
laboratory dryiTig oven, and desonbed m paragraph 20. For 
the purposes of weighing* the pulp is taken out of the oven and 
first cooled in a suitable desiccator. (2) The Air Oven • This, 
also, is constructed on the usual lines (see paragraph 21), and 
the p^p is cooled before weighing (3) An oven wherein the 
weighing of the pulp is effected without removing the sample from 
the (faying ohembeis, 
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by a water jacket, as described in paragraph 20 The drying* 
cliamber la fitted with perforated slielves, upon which the sample 
of pulp IS spread out, and the steam escapes through an aperture 
in the top of the oven In using this oven, the sample is packed 
loosely upon the shelves, and dried until it ceases to lose weight,, 
when it is removed from the oven, placed in a suitable vea'^eU 
cooled undei a desiccator, and weighed 

With such an oven as this, where the heat is supplied by a 
water jacket, the temperature of the drying chamber iiovor 
exceeds 100° C , in fact, the average temperature obtained, even 
when the water m the jacket is kept at boiling point, is generally 
about 96° C. If we assume that it is absolutely necessarj’’ for 
pulp to be dried at 100° 0 , then the water oven does not fulfil 
th6 necessary conditions, for continued observations, with an 
O’* en nieasunng about six or seven inches square, indicated that 
100° C was never reached The oven tested was an ordinary 
copper laboratory drying oven, jacketted with asbestos in order 
to prevent loss of heat, and the observations extended over several 
years, during which some hundreds of moisture tests of wood 
pulp were made It may therefore be taken that, with such a 
water oven, the exact temperature of boiling water is not leached 
in the drying chamber 

Tlie advantage of the water oven for pulp testing is, that a 
temperatm'e of over 100° C. cannot possibly be attained. Thi'^ 
is a very important consideration, and one which will be 
emphasised later It will readily be seen that, when fitted witli 
a condensmg arrangement, together with a constant water feed, 
it 18 possible to leave the water oven without any attention for a 
considerable time, with the certainty that the specified temiiera- 
ture for pulp drying, 100° C , will not be exceeded. 

199. The Air Oven. — This apparatus is constructed in 
several types. A common pattern is tliat of the ordinary labora* 
tory hot-air oven, which consists of a ^Uare drying chamber of 
copper or sheet iron, with an air jacket, the heat being supplied 
by a Bunsen burner Tuxdemeathj and the hot gases passing 
through the jacket- In other repots, the air oven is similar 
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supplied by means of air heated by the burner, and ciiculating 
around the drying chamber. 

It IS a very easy matter, wlien using the am oven, to exceed 
100° C in the drying chamber With careful regulation this 
teuiperuture may be mamtamed, but, in any case, constant watch- 
ing IS necebsary, and if the gas supply varies, it is not an infrequent 
occurrence to find that, although it has previously been 
regulated to 100° C,, in a comparatively short time the thermo- 
meter will indicate perhaps 106° C Further, when using an 
iiir oven, assuming that, from variations in the gas supply, or 
fioiii other reasons, the temperature of the drying chamber has 
been allowed to drop, it is a veiy natural expedient to raise the 
flame of the burner considerably, and then to forget to re-adjust 
it when the correct point has been reached When it is agam 
noticed, the thermometer may possibly be ten or twenty degrees 
higher , the result is that often the sample of pulp is scorched 
^ or charred. It is, of course, i^ossible, by the use of a gas regu- 
lator, to prevent such an occurrence, but in practice there are 
very few works laboratories which boast such a fitting to the 
pulp oven. Therefore, under ordinary circumstances, without 
very careful supervision, the drying cb amber of a hot-air oven 
IS very liable to attain a temperature of more than 100° C , 
and for this reason a water oven is infinitely preferable 


200. O^en in which the sample is weighed in the 
Drying Chamber. — The tliird oven which we shall here con- 
sider is that pattern in which the weight of the dried pulp is 
ascertained without removmg the sample from the drying 
chamber. The construction of this special form of oven is as 
follows : The drying chamber generally takes the form of a 
cylinder of copper or sheet iron, surrounded by a jacket , above 
the oven is arranged the weight beam, one end of which is fitted 
with a scale pan, while from the other end of the beam a rod is 
suspended, amd passes through the cover of the drying chamber, 
and from this rod hangs a wire cage. The sample of wet pulp 


IB placed in the cage, the temperature of the oven is raised by 
of a ring burner underneath the air jacket, and the gases 
frotm t!^6 hunter, together with the moisture from the pulp, 
’eft 0 R|)e sepaj^ate? pipes leading finto a fine. The tempera- 

b«tth 18 adjusted to 100° Q, and this temperature is 
hpnrfi } ,Wh4^,i| ia toumed that the bulk 

1 1 Til I i i I M U M U 1 f 1 1 1 1 ■ , 
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of tlie moisture has been driven off, the rod caiTying the cage 
IS attached to one end of the weight beam, and counterpoised 
with weights upon the scale pan at the other end o| the beam 
It Will thus be seen that the diy pulp is actually weighed at 
100° C , without being removed from the drying chamber This 
oven being heated by hot air, the same objection holds good 
which has been mentioned in paragraph 19^ The gas 
supply needs very careful regulation in order to maintain tho^ 
temperature of the oven at 100° C , and it is not ^n uncomixOii 
occurrence with such a drying oeen for this temperature to be 
exceeded It sometimes liappens, as in the case of the ordinary 
hot-air oven, that the pulp is scorched by reason of the tempefTa- 
tirne having reached a point above 100° C The autjior ^hus 
seen many soinples which have been badly charred in sucli an 
oven The gi^eatest objection, how^ever, to this special type of 
apparatus is that the pulp is weighed at a temperature of 100° 'G., 
instead of at tlie temperature of the laboratory, as iil the base, of 
the two previously described ovens, m which "the pulp,. bef<ire 
being weighed off, is transferred to a dessicator and ooofcd to 
the temperature of the room in which the weighing o-peratri^i'fe 
are performed Again, this type of oven is open to the objaotloii 
that the weight beam, which is suspended abovt the lieated 
oven, IS affected by the currents of hot air which rise from the 
oven In ordinary analysis, it is an invariJble jfule to 6ool 
down all substances to the temperature of the room by meauis of 
a desiccator, before weighing, the reason for this prec^tioii 
being that when a heated substance is placed upon the scale pan 
of a sensitive balance, the current of hot air which rises from ths 
hot body affects the beam, and introduces a very considerable 
erior into the weighing operations If the weight beam used 
be at all sensitive — ^which, of course, should be the oaae — it is 
not difficult to understand the error In a word, this objection 
18 that the pulp dried in such an oven, and weighed off at 100° C., 
wiU show a higher percentage of moisture than a duplicate 
sample dried in either the ordinary laboratory water oven or the 
ordinary hot-air oven, and oouled vmder the defciooator before 
weighing, and the ordinary rules of analysis apjly.with eqpol 
force in the testing of pulp as in the other 

substance ^ i 5 I i M . 

With regard to the respective merits 
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ovon here described, it may be pomted out that the water oven 
IS perfectly safe as regards high temperatures, so long as the 
water supply is maintained, the temperature of the drying 
chamber cannot possibly reach a higher point than 100° C. 
Tliis temperatoe is, however, rarely reached , but it is generally 
accepted that a sample of pulp dried in a water oven until the 
weight 18 constant, will give a perfectly accurate result. The 
lio1>air bath, when carefully regulated, and the temperature 
maintained at exactly 100° C. is a perfectly satisfactory oven, 
the drawback here, liowever, being that the regulation of the 
gas supply, so as to maintain the exact temperature, is a some- 
what difficult matter. 'When, however, an efficient gas regulator 
IS fixed to this bath, there is no trouble with regard to higli 
temperature. The special form of oven in which the pulp is 
iroiglied, without removing from tlio drying chamber, occupies 
a position upon which opimons vary It may be enough to say 
here that tests carefully conducted in this oven, and contrasted 
with tests on duplicate Bamples made in watei ovens and hot-air 
ovens — ^in which tests the pulp was cooled before weighing — shon" 
fiom one to four per cent, more moisture, and these variations 
are far too serious to be admitted It would therefore appear that 
either a water oven or a hot-air oven will give the most satis- 
factory results, and accordingly it is recommended that one or 
other of these types should be adopted In practice, the water 
oven has been found to bo the most satisfactory, since, os long 
as the water jacket contains any water at all, the temper at me 
of the drying chamber is maintained at a fairly constant figure, 
which cannot possibly exceed 100° C, This type of oven is 
therefore woommended as being the most reliable for use 
in pulp testing. 


201. The Use of the Depicoator —Although there 18 some 
controversy existent at present with regard to the proper con- 
dition in which pulp should be weighed o£E— that is, whether the 
weight should be taken at 100° C., or at the temperature of che 
laboratory--^ maj be taken that the generally accepted 
practice is to dry the pulp at 100° C„ to cool by means of tho 
desiccator, and to^ weigh at the temperature of the laboiatory 


Carefully ooacJuotaf experiments have shown that the error 
introduced py weighkig off dry pulp whil^ is considerable, 
and this Js t>etter to t4ke|^e Wl^ of fee weigh- 
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mgB after the pulp has been cooled. For use in pulp testing a 
large desiccator is, of course, neceasaiy. For samples of moderate 
size such a desiccator is not difficult to procure, and, where Tery 
large samples are to he handled, a large tin cylinder, with a 
tightly-fitlmg lid, may be employed The hot pulp is put into 
the oylmder, the lid placed in position, a rubber band slipped 
over the joint, and the whole allowed to cool, and tlien weighed 
The pulp IB afterwards taken out, and the tin, with the rubber 
band, is weighed, the difference in the two weights being the 
dried pulp 

202. Calculation of Results — Moisture tests of wood 
pulp are thus expressed — 

Total Moisture . per cent 

Bone-^Dry Pulp per cent. 

= Air-dry Pulp per cent 

These figures are obtamed as follows — 

(1 ) Calculate the moisture from the loss in weight of 
the sample when dried at 100° C. = Total 
Moisture. 

(2 ) Deduct this figure from 100 == Bone-dry Pulp. 

(3.) Add one-nmth to the percentage of Bone-diy 
Pulp = Air-dry Pulp, 

(4.) 50 per cent Air-dry Pulp — ^Tliia is twice the Air- 
dry weight, 

203. Air-Dry Pulp in Parcel. — The rule for estimating the 

weight of air-dry pulp in the parcel which has been tested is as 
follows, (1) Calculate weight in pounds of the bales sampled; 
{ 2 ) from this figure calculate the number of pounds in tlie whole 
paicol; (3) obtain the air-dry percentage figure; (4) multiply 
the gross number of poiuids by the perceiitage of airdry pulp, 
and divide by 100 The result is the total nuiiber of pounds 
of air-dry pulp contained in the parcel test^. These figures 
may, of course, be converted into tons^ ewts^, c^s.,. and lbs if 
lequired. If Uie weight of 60 per cent aiU^rj bp.^ is required, 
the air-dry figure is multiplied by 2 \ ^ ^ ^ ' 

20i. Vuifdmiity in Samplug j tLo 

present time, conMderable agitation ia ' 
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lias been written upon tluR subjeot, but then* hlill roimim many 
■differences of opinion bctweoii Iniyorn ami HollorH, and alw) 
between the yanous public aiiulystn cut;ayi‘il iii the work 
of settling claims for excess uiointuro. It i'n iciy dosirahlo, 
therefore, that uniform methods shouhl 1 h' uibipti'd, not inoivly 
of samphng, but also of toatinj?, and tliis iinil’onuity should 
extend to the apparatus to be employed m tlie leHtiiig. Tlui 
determination of the moistuie in a parcel of pulp i)roHentrt chlli- 
■culties, it IB true ^ but these diflieiiltios arc not Huch as to roudcr 
impossible the task of deviHing: unifonn motliudri lor carrying 
out the vailous operations. Tlio HUggoBtioim hero imulo are 
riimply the embodiment of ecniHidorablo experience in lailp 
sampling and testing, uud tho ado})tiou of sonu' hucIi Hysii'in 
would do much to remove discropaiiciOB in rortiiltri, and to Hoeuro 
some measure of unifomiity in ilm pampliiig and lentiiig of wood 
pidp. 

206 General Rules to be observed in Sampling and 
Testing Pulp 'with a view to securing uniformity of 
results. — 

(1 ) Percentage of Sales . — Tlio percentage of bales to ho 
sampled to be 2 per cent, of tho whole. 

(2) Seavy Bales — In 2 cwt. balcjb, no bale weigliing nion^ 
than 2 cwt. 1 qr to be samplod. In 2J cwt, buloH, no bale 
weighing more than 2 cwt. 3 qr«, to be Bampled. In i cwt. 
bales, no bale weighing more tluui 4 cwt, 1 qr. to bo sampled. 

(3.) L%ght Bales . — Light bides, if porfectly sound and 
intact, to be included. 

(4.) Damaged Parcels , — ^To be dealt 5 vitli as indicated in 
ptu'agraph 193 

(6 ) Method of Cutting Samples to be drawn by 

cutting two triangles from oaoli sheet, one from the centre to 
the end of the bale, the other from the centre to the side of tho 
bale, the ba&e of the triangle to- measure about 1 inch j samples 
to be uniform in size. 

(6.) Number of Sheets per Dale, — ^Four shoets per bale to be " 
] liaken for the samSple. (In oooordauoe with the present contract 
, * i<ite thi^Q sheets only per bale ore drawn.) 
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(7.) Pulp Di ying Oven — water oven, or a hot-air oven 
fitted with a gas regulator, to he used for drying the sample 

(8 ) We%gh%ng off the Dried Sample — Ihe pulp, when dry» 
to be cooled before weighing Samples to be weighed to the 
tenth part of a gramme. 

(9) The Metric System — ^Metric weights should be used in 
weighing samples, and a balance which will carry 3,000 gni , 
and tui’ii with 0 1 gm should be provided 




ir 


CHAPTER VIII. 


Water Analysis, Purification, Filtration, and Softening. 


The BubjGot of water analycJis is oue winch should have con- 
siderable interest for the manufacturer. He uses vast quantities 
of water daily in many of his operations, and it would often be 
very convenient to have at hand the requisite information for 
carrying out the different tests necessary for the proper 
control, not only of the water supply for process operations, but 
also for the examination of water used for steam raising Added 
to this is the urgent necessity for keeping a close watch on the 
effluent which is turned into the liver or watercourse. In these 
days no manufacturer should be satisfied with the test of the 
river inspector j he sliould have an accurate record of the daily 
condition of his effluent, and such a recoid could not fail to he 
of infinite service and guidance on many occasions This question 
of effluent testing, however, will be dealt with in the following 
chapter. 

It 18 not necessary, for trade purposes, to make a full 
analysis of every sample of water submitted for examination. 
Generally speaking, two or three estimations are all that are 
required; but it is proposed in this chapter to give full instruc- 
tions for carrying out the different estimations required for a 
fairly complete water analysis, and the operator can then select 
those tests which are required in any particular case. 

Before proceeding to deal in detail with the different 
separate estimations^ it will be useful to preface the working 
instructions with a few general remaiks on the subject of water 


analysis. 

WaUr analysis invplves very exact and careful mampulation 
in the different op€&atioji8, which at the same 

titne ^sjnt]^^, and orjly require practice to be 

J Tl J lil j|i ^ ^ ^ ^ ^ ! 'J I : i i ! t i 

LiUUMtiihi 
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facturer. The apparatus used for water analysis must not be 
employed for any other test; this is a rule which should be 
strictly observed. The retort, measuring flask, graduated jai, 
pipettes, etc., should be set aside for the purposes of water 
analysis, and care sliould be token that they are not used indis- 
criminately for any other purpose. Tins rule has, perhaps, one 
eiception, and that is with regaid to the platinum apparatus 
In water analysis, a platinum evaporating basin should be used, 
and, although platinum is expensive, yet the accuracy and con- 
venience of working which it oflers, are sufficient justification for 
the additional expense, os a platinum basin is useful for many 
other operations. With this exception, apparatus should he 
set apart for water analysis, and retamed for that specific purpose. 

Absolute cleanliness must be observed in working on waters 
While the tests are being made, ammonia and acid gases must- 
not be generated in the laboratory, else the results will often be 
vitiated, especially when the distillations for ammonia and 
albumenoid ammonia ai'e proceeding. When a piece of apparatus 
is about to be used, it must be thoroughly cleaned. If it has. 
previously been employed for any other test, it should be cleaned 
with a little sulphuric acid, and thoroughly washed, using tap 
water plentifully for rinsing purposes 

206 Ammonia^Free Water. — In water analysis, an ample 
supply of distilled water is a necessity, and, further, water which 
is free from ammonia is required for the determmation of the 
ammomarfree and albumenoid Ammonia-free distilled water is 
not easy to obtain, but it may be prepared m the following way 
Clean a large stoppered retort, with a capacity of about a litre 
and a half. Introduce a little strong hydrocblono acid, and 
shake the liquid well round the sides of the retort, finally pouring 
it out through the tubulure. Now rinse well with tap water, 
until the last few drops have no acid taste The retort may 
now be regarded as clean 

Fit up the retort ui a heavy stand, and coqneot tip to a 
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covers one of the anus. Two of these wads are requu’edj a 
ring 18 fitted on the stand iu order to supi^ort the retort, and 
tho clump IB adjusted bo that the arms grip the neck tightly 
Cure must be taken iu making this adjustment, and the clamp 
must bo tightened voi7 gradually. In the text-books on water 
uualysis, iiiHtvuciioua oro given 7 Wt to use a ring as a support 
for the rotoil, but lu practice it will be found a considerable 
convonieiice, especially when the operator is not accustome'd to 
'Water analysU. 

Having fitted up the retort, ensure that the cooling-water 
supply and waste coniioctioiis are m order The coohng-water 
must run in at tho top of the condenser — ^that is, next to the 
retort, and flow from the bottom. A rose Bunsen burner should 
be used, of a good sizo, and it should bo employed with the rose 
in position. 

Now introduce about 800 o.o of tap water into the retort — 
or about two-thirds full. Fill tho stopper in tightly, and wipe 
off any moisture from tho bottom and sides of tbe retort. Light 
the burner, and turn the flame down very low — as low oa it will 
go witliout ‘‘lighting back.” Place the burner under the retort, 
down on the bench, and not close under the retort bottom. 
Allow tho retort to warm up in this way, wiping off the moisture 
as it oondeuBea. The condenser must be inclined at such an 
angle that it will permit a small flask to be placed under the end of 
tbe tube to receive the distillate, and this will mean that tho 
burner will have to be packed with hlooks to bring it close up 
to tlie retort. Three blocks of wood, of different thicknesses, 
sliould be UBed for this purpose, and by this means the burner 
may be raised, by degrees, after the retort has warmed up, until 
it fits close underneath. Now turn on tlie gas fully, see that 
the condensing water is flowing steadily, and the water will 
presently be distilling at a fairly rapid rate. 

If tlie condenser has been used for other purposes, and is 
dirty, tho best way of cleaning is to steam it, by keepmg tho 
oiioling water niuniug very slowly, until faint puffs of steam 
make their appeMurance at the end of the condensing tube. Tliis 
steaming mujit be very ^canefully performed. It is enough that 
tlie distillate quite hot, and a little steam ap.pears 

Qooasionally. Tee mubh steaming will soften the rubber joints 
of the com^tMer.^buit'ta ^^^cose^ qf filthy condensers the only 
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After about 600 c c. of water have distilled over, fill a Nesalev 
tube, holding 60 cc., with the distillate. Introduce 2 c.c 
of the Nessler reagent (see “ Nesslensing,” paragraph 223), 
and observe the colour. Fill another tube with tap water, and 
plaoe the two on a white porcelain plate for comparing the colours 
If the distillate develops a brown or yellowish tinge, the retort 
and condenser are BtiU dirty, and the distillation must be carried 
on It IS quite possible that the first chai'ge of water will not 
yield a distillate which remains colourless after the addition of 
the Nessler reagent. If this is the case, the distillation may be 
continued until the water gets down to just above the rmg, when 
it must be stopped 

The distillate resulting from tins cleaning of the retort and 
condenser is ordinaiy distilled water, and is ready for use for 
laboratory purposes Empty the retort, fill again with fresh 
water — ^which may have been previously boiled in a clean flask — 
and continue the distillation, testing frequently with the Nessler 
reagent After a time a tube will show no colouration when 
compared with a tube of tap water The retort and condenser 
are now clean, and a quantity of ammoniarfree water can 
be obtained from the retort. 


The distiUed water which has been obtained during the 
cleamng of the apparatus, should be bottled and labelled as 
ordmary distilled water , the ammomarfree water should be kept 
in a tightly-stoppered bottle, and labelled as such. About 
500 CO of this water may be obtained from a charge after 
thoroughly cleamng the apparatus, and a retort, when once 
yielding free water, should be kept constantly producing it until 
a good supply is accumulated, the same process bemg repeated 
in the distillation; first the retort is filled with tap water, and 
distilled imtil free from ammonia, then the distillation is con- 
tmued until the contents of the retort are just above the support- 
ing rmg, when the distillation is stopped, and the retort reHatarted 
with a fresh charge of tap water. 


If ammoma-free water is kept m tightly-ptofpered bottles, 
it will keep perfectly free from ammonia for a oonaii'Siral&le 
tune, but on each occasion when it is used, a 
made with Nessler reagent to confirm, ,i|s 
NaaBlorising purposes, > ' H > ■ ! 1 I . 1 1 J » 4 ' 
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207. Total Solids. — Clean, dry, and ■weigh two platinum 
•basins, each holding about 100 c.c Shake the sample of water 
well. Hmse a 70 o o. pipette with tap water, and empty Suck 
up a little of the shaken sample into the pipette, rinse round 
well, and run out. Now fill up to about an inch above the mark 
on the stem, and close tightly with the end of the finger. Care- 
fully release the pressui'e, and empty drop by drop until just to 
the mark. Itun into the weighed dish. Place the dishes con- 
taining the two lots of 70 c.c. of sample on the water bath, and 
evaporate to dryness; transfer to the water oven, and weigh at 
intervals until the weight is constant. The increase of weight 
of tlie dish is the amount of total sohd matter contained m 70 c c 
of tho sample. The ■weights of the dishes should be carefully 
iiBcertoined before testing, and the weighings made to the 
third place of decimals. The weight of the residue, multiphed 
by 1,000, gives the number of grains per gallon of total solids — 
thus, if from 70 o.c. of water, Q’06 gm of residue is obtamed, 
then 0*06 x 1000 “ 60'00 grains per gallon. 

208. Suspended Matter — Dry two filter papers m the 
^vfiter oven. Before drying, fold the papers just as for use in 
filtering, and then fold again, so that the folded paper will fit 
into a weighing bottle. Open the papers out before drying 
Two bottles, cleaned, should be put into the oven with tlie papers, 
first removing the stoppers from the bottles. After about an 
hour the papers will be dry. Less time tliau this may suffice, 
and the papers may be weighed at intervals of half an hour 
until the weight is copstant. In weighing, place the papers, 
folded, into the bottles, whilo still 'inside tht oven^ fit the 
stoppers, and place under the desiccator to cool. Weigh, and 
replace in the oven. After half an hour, weigh again, and, if 
constant, proceed with the test. The two weighmg bottles 
should be marked, 1 and 2, with a file, and the filter papers 
marked in pennil on the margin to correspond. 

Fit the papers in funnels. Weigh off two platinum basins 
holding about 100 o.o. Take the bottle containing the sample 
•of water, and shake well. Measure off two lots of 70 o.o. of 
the water, and pass tlirough the fllbere, catching the filtrate in 
the dishes. Wash the filters, rinsing out the measures with 
•di^tiSed water, and allow the washhi^ t<> run through the filters. 

(i:*ain, and then place the hippels; with filter papers 
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untouclied, in an upright position in the water oven, and dry. 
When dry, take from the funnel, and very coi’efuUy fold as when 
previously weighed, taking care not to break the dry paper , cool,, 
weigh off, dry agam for half an hour, cool, and again weigh 
The difference in weight in the two weighings indicates the 
suspended sohds contained in 70 c c of the water, and this, 
multiplied by 1,000, gives the number of grains per gallon. 

209. Dissolved Solids —Filter a quantity of the sample 
tlirough a filter paper Clean, dry, and weigh two basins. Into 
each pipette off 70 c c of the filtered sample. Evaporate to 
diyness on the water batli, finish off in the water oven, and 
weigh at intervals until constant The gam in weiglit indicates 
the dissolved solids m 70 cc of the sample Multiply this by 
1,000, and the result is the number of grams per gallon. 

210 Loss on Ignition. — This is a useful approximate 
method of estiiuatmg the amount of organic matter in an effluent 
oontammg much fibrous material, or other organic constituent. 
The total orgamo matter is determmed by taking the dried 
residue from the '‘total solids” Ignite this residue carefully 
over a Bunsen burner, or at the mouth of the muffle furnace, heat- 
mg gently up to famt redness, cool, and weigh. Heat again, 
cool, and weigh. The weighings should be continued until 
constant. The result is the total organic matter. 

Teats of orgamo matter by means of the “ Loss of Ignition ” 
test ore not absolutely correct, as m some instances volatile 
salts may be driven off, but for the purposes of works testing, 
where approximate results only are generally required, the tests 
are very useful mdicators of the amount of organic pollution 
which may exist. On the other hand, “Loss on Ignition” 
teats afford a very convenient method of controlling the emounk 
of fibrous matter running into the river in a paper mill eflfliuent, for 
instance Such fibrous matter is not only a pollutmg agent, 
but it IS also a very serious loss to the paper maker. By the- 
use of plant specially designed for the purpose, the Loss may 
be averted, and, at the same time, the pollution fro:^ this soMree- 
very largely dmimidied. 


ill 


211 Total — ^Take an eight^oum^e? ^ 

bottle^ and fit it a deain, nenJ) coris:, pipet^et oi 
distilled water mtp th^ hotilf. .Fill a Bmk'« ^ ' 

standard so^ 8Qli|tiofL .(see porajgifaj)^ i6S) 
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will, of course, answer quite as w'ell Run in half a c c of the 
soap solution, and shake well, watching to see if a lather foimis 
IluTi in another half o c., and again shake A lather should now 
form, winch should remain on standing for four minutes, with 
the bottle placed on its narrow side Seventy c.c of distilled 
water should not require more than 1 c c of the standard soap 
solution to piocure a permanent lather; if moie is required, it 
IS an mdication that the bottle, or tho cork, is duty 

Now empty the bottle, and rinse out with tap water Measure 
off 70 0.0 of the sample into the bottle A convenient measure 
13 a 100 0 c. jar, graduated in c c *b Fill up the burette to 
tho zero mark with the soap solution, and run two oi three c.c, 
into the test bottle. Shake well. Continue addmg the soap 
solution until a lather begins to form, when the addition should 
1)0 continued in smaller quantities of about 1 c c each tune, 
shaking thoroughly after each addition. When a lather forms, 
continue the agitation for some time ;* lay the bottle on its side 
on the bench, and watch If the lather breaks, the test is not 
fuushod, and more soap solution must be added \Vhen the 
lather remains permanent, and does not break after standing 
for four minutes, the test is complete Read off the number of 
c c. of soap solution required to form the lather Assimiing 
that this IS 13 c.c , then the total hardness of the sample is 13° 
In the estimation of total hardness, if the number of c c of soap 
solution exceed 17, 70 oc should be diluted with 70 cc of 
distilled water, and 70 c c of this mixture titrated Tlie number 
of c.o. now consumed la multiplied by 2, and 1 c.c deducted 
fur tlie distilled water. The result is the total hardness of the 
water. For instance, 70 c.o. of sample was diluted with 70 cc. 
of distilled water, and 70 c.c. titrated, which required 10 o c of 
soap solution. Then, 10 x 2 ™ 20 - 1 « 19° total hardness 

212. Permanent Hardness — Take 70 oc. of the sample, 
and dilute with 70 c.o. distilled water. Place the 140 c.c in a small 
llaak or conical beaker, and boil down to about the original bulk. 
Filler, and wash so that the filtrate and washings measure 70 c.c 
Titrahe this with soap solution, and deduct 1 c.c for the distilled 
water. The result is permanent hardness. Thus, 7Q oo. sample 
were diluted with 70 c.o. distilled water, boiled, filtered, and 
washed up to 70 c.o. ; the filtrate took 8 o c. soap solution. Then 
8 - 1 « 7° permanent hardness. In tho case of a very hard 
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^ater, where the soap solution required is above 17 c c , the 
sample must be diluted with distilled water as before, taking:, 
for each 70 c c of sample, either one, two, or more equal volumea 
•of distilled water Thus, 70 c o of a water were diluted with 
140 C.C. of distilled water; 70 c.c. were boiled, filtered, and 
washed as above. Nine cc. soap solution were required to 
form a lather. Then 9x3 = 27 - 3 = 24° permanent hardness. 

213. Temporary Hardness. — This is the diflerence between 
the total hardness and the permanent haidness. Thus, a sample 
shown 26° total hardness, and 8° permanent haidness, then the 
temporary hardness (tliat is, liardness which may be removed by 
boilmg) = 16°. 

Note — ^Hardness teats should always be made in duplicate 

214- Chlorine — Pipette off 70 cc. of the sample into u 
clean, white porcelam evaporating basin (a basin should bo 
reserved for this test) Test with a litmus paper ; if the sample 
reddens blue litmus paper, neutralise the acidity with a little 
pure cai'bonate of magnesia , if the water is alkaline, add a drop 
or two of pure mtnc acid, until neutral In any case, the water 
must be neutral before proceeding with the test. Tins iieutraln- 
ing can be accomplislied by adding small quantities of 
magnesimn carbonate and jiure nitric acid until the neutraliza- 
tion is effected 

Fill a 10 c c. burette (graduated in tenths of a c.c., and 
provided ^vlth a glass stopcock), with solution of silver nitrate 
•contammg 1 7 gm. nitrate per litre Take the 70 c.c. of water 
m the porcelain basin, and add two drops of a solution of pure 
bichromate of potassium ; this will colour the water yellow. Now 
•add the silver solution from the burette, drop by drop, until a 
wddish precipitate is formed, which remains on stirring. This 
is the end-point of the rc-action. It is unmistakable, but if any 
doubt be felt as to the colour, take 70 c.c of tap water, addl^ 
drops of the indicator, and stand side by sade with the water 
being tested. The change in colour is then easily compared by 
glancing at the blank sample. Bepeat the teat. 

In testing wat^ and efflueuts for chlome, it is wefl to make 
two estimations, one op. tjie water itself, and tke other on the 
^ited residue from th^ » TotaJ Solid?.*^ J a* W more 
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rt.*luible tofit, but often the chloniiu ih ro«iuired quickly, and m 
RUfh a COBO tlio test of tlio water itHclf Ih a convenient method. 
In tho estimation of the chlorine in the rosidiic, take the dish 
contiiininpr the i|Xuitod roHiduo, add a little distilled water, and 
rub off tho sediiiiont from tlio sides of tho dish with a rubber- 
tipjiod jjfloRS rod. Wash the coiitoiits of the dish into a wdiite 
]mrcolain evaporating basin, noutralise as above, and proceed as 
there instructed. 

The caloulation of tho chlorine proseiit iii the sample is then 
luudo 08 follows, asfiiunitig that 70 c c. of the sample required 
2 c.c. of ccnti-iionnal silver solution: — 

70 0.0. water = S4 o.c. sllvor nitrate. 

70,000 „ =1 2,000 c.c. „ „ 

1 c.c, ailver nitrate = 0*000355 gni, ohlorlne ; then 
2,000 X 0*000355 == *71 grains chloxliie per gallon. 

21S< Free Anuuonia. — Having cleaned the retort and oon- 
dciiBor 08 described in paragraph 200, measure ojff 700 c.c. of tho 
oaniplc carefully, and introduce into the retort by means 
i)f a large funnel. Before runiuiig in the ater, place in the retort 
about 2 gm. of freahly-ignitad anliydrous sodium carbonate. 
Replace the stopper in tho tubulure, and bring to boiling. 
Catch the first 200 c.c. of distillate in a stoppered flask, and 
place on one side. Then take off 50 c.c. in a Neasler glass, and 
Nessleriso os instructed in paragraph 223. If ainmonio. is still 
pi'esent, a second and third tube must be collected, until the 
last tube shows no colouration with the Ncssler reagent Then 
stop the distillation. Mir the contents of tho 200 o.c. fl^k 
containing the first part of the distillate, and also Nesslerise, 
adding the result to that obtained from the separate tubes. 

216. AlbumenoM. Ammonia.— To the contents of the 
retort, after the distillation of the free ammonia, odd 300 c.c. 
of ammoniaJrea water, prepared as already indicated. Take- 
80 0.0. of alkaline permanganate solution (paragraph 67), with 
BQ o.Q. of ammonia-free water, and boil down to BO c.o. Add 
thU to the oontehts of the retort. Now take a piece of soft glaas 
it out in an ordinmy gas flame, so as to form 
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•capillary tubing of very small bore. Break tbis capillary tubing 
into pieces half an inch long, seal up one end in the gas flame, 
and place a dozen of the tubes in the retort Heat up again, 
and take off 200 c c of distillate. Then collect separate tubes, 
as m the case of the free ammonia, Nosslerishig each tube 
separately, until a tube shows no colouration with the Nessler 
reagent Add the results of the final Nesalerising to the sum of 
the separate tubes, and the result will be the albumenoid ammonia 
contained in 700 c.c. of sample. 

In conducting the distillation for albumenoid ammonia, it 
IB very necessary to avoid bumping When the contents of 
the retort get low, bmnping is very common, and it is not at nil 
unusual for an experienced operator to find the contents of the 
retort come seething ovei through the condenser. This may l>e 
avoided by addmg the capillary tubes as indicated above, and 

gfiiiUy rocking the retort when a Durst seems imminent, 
^ith very bad waters, it may be necessary to continue rocking 
throughout the whole of the latter part of the distillation. With 
practice, however, a patient operator will not have many 
accidents, but great care ‘is absolutely necessary, especially 
when the water being distilled is an exceptionally hard one. 

The method of calculating the ammonia will be found under 
Nesslensing,” paragraph 223. 


217. Iron in Solution.— Evaporate 70 o.o of the water to 
-dryness m a platinum basin over the water bath; dry in the 
water oven, and igmte to dull redness over a Bunsen burner or 
m the muffle furnace (The residue thus obtained corresponds 
to ^at from the “Loss on Ignition,” paragraph 210.) Now 
c c of a mixture of equal parts of pure nitric acid (free from 
iron) ^ di^Ued water, and evaporate to dryness over the 
^at« bath Take up tlie residue from this second evaporation 
mih 1 c c of a miiture of pure hydrochloric acid in 10 parts of 

ST' ^easier tube^; wash 

with going into the tube), aaid make up 

r 10 c <,. of tilt Btendard iron solution (jiffagraph 61) add 

mark. To eadh tube unto ayw t « ^ .Je _ ^ , r : . 

potaBstun} 
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•develop Tlie tube containing tbe standard iron solution must 
now be made to match the water tube j if the colour produced 
by 10 0 . 0 . of iron standard is too faint, try another test with 
20 C.O., and so repeat until the exact colour is produced. Then, 
assuming that 10 c.c of standard has been required, and each 
•CO. is equal to 0 00001 gm, of metallic iron, then 

70 0.0 water =10 o.o iron solution. 

70.000 0 . 0 . of water = 10,000 iron solution. 

10.000 X 0*00001 = 0 10 gram of metallic iron per gallon 

The above method foi the estunation of iron in water is 
given in The River Irwell and its Tributaries,” by Davis Bros. 

218. Silica. — Measure off 700 cc. of the water; if a dirty 
sample, it must be filtered. Add a few drops of pure bydro- 
ohlorio acid to render the water distinctly acid 

Weigh off a olean platinum dish, and in this evaporate the 
700 c.c. to dryness. Keep the measured water m a stoppered 
litre flask, and see that the platinum dish is kept filled. The 
evaporation should be carried out over the water bath 

When completely evaporated, transfer to the water oven, 
and dry. Moisten the residue with a few drops of pure hydro- 
chloric acid, and add about 60 c.c of distilled water Rub off 
the residue from the sides of the dish with a gloss rod tipped 
with rubber, and filter Wash the residue on the filter paper, 
•dry, and weigh; the ignited residue, multiplied by 100, gives the 
grains per gallon of silica present in the water 

219 . Soluble I»iine.— This is estimated in the filtrate from 
laiboa; add ammonium hydrate; filter off the precipitate (iron and 
alumina), and to the filtrate add oxalate of ammonia solution , 
this precipitates the lime as oxalate of lime Warm, allow to 
stand for a few hours, and filter through a small filter; wash 
well, dry the precipitate, and getttiy ignite m a platinum crucible 
or dish This ignitiorL converts the precipitate into oaxhonatc 
K 3 f lime. After heating gently, allow the precipitate to cool, and 
moisten it with water in which a piece of caxhonate of ammonia 
has been dissolved. Ignite agam gently to approaching redness, 
cool m the desiccator, and weigh the oxide of lime. The 
weight, multiplied by 100, gives the grains per gallon of soluble 

lime. 
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220. Soluble Magnesia. — The filtrate from the lime con- 
tains the magnesia. To this filtrate add a little strong nitrio 
acid, and evaporate to small bulk, add a little chloride of 
ammonium solution, an excess of ammonium hydrate, and then 
phospate of soda solution, also m excess. This precipitates the 
magnesia as magnesium pyrophosphate Allow to stand all 
night (or 12 hours), and filter tlirough a small filter paper, wash 
the precipitate with weak ammonia water, dry, ignite the pre- 
cipitate, cool under the desiccator, and weigh when cool 

The weight of magnesium pyrophosphate so obtained, multi- 
plied by 100, and then by 0 36036, gives the number of grama 
per gallon of magnesia (magnesium oxide) contained ui the wattr. 

221. Lead — The following is a quick and fairly reliable test 
for the detection of lead, iron, and copper in water Place 70 c o. 
of the water in a white porcelain basin, and add a little ammonia ; 
dip a clean glass rod into a solution of ammomum sulphide, and ^ 
stir the water well with the rod. If a dark colour o^ pfecipitate 
results, the presence of iron, lead, or copper is mdicated. Make 
the solution acid by means of a few drops of pure hydrodilorio’i * a 
acid If the colour disappears, iron is present If the cfiofir 
remains, copper or lead is present. 

222 Copper. — Copper may be detected as follows • Separ- 
ately evaporate a quantity of the water to dryness, acidify witli 
hydrochloric acid, and pass sulphuretted hydrogen gas through 
the liquid. If a precipitate forms, filter it off on to a small filter 
paper, and dry. Place the filter in a platinum crucible, 
igmte over a Bunsen burner, and add a drop of strong pure 
Bulphiufio acid, which will fonn copper sulphate Cool, and 
add a little water, then a few drops of ammomo, and a blue* 
colour will result. 


NESSLEIUSINC 

223. The estimation of mmute quantities of 
water is effected by means of I^eesler's reagent . 
The distillate oontainmg tliD ammonia £b oi) " 
m paragraphs 216 and 21G. 'Hid procest of 
ducted as follows * — ^ 



WATER ANALYSIS. 


129 

Frte Ammonia , — This is generally contained in the 200 c.c. 
of distillate caught in pamgrapli 216, but the distillation is con- 
tinued to ciiRuie accuracy. Take the lii*st tube after the 200 c.c 
lias distilled, and add 2 c c. of Neaslev reagent. If ammonia 
is present, a faint brown or yellowish colour will develop Take 
50 c e. lunnionia-frcQ water (paragraph 206) and to this also odd 
1 c.c. Nesslor reagent. If no difference in colour ns noticed, the 
50 c.c. of diatillato is free from ammonia. If, however, ii colour 
IS formed, take a chan Nesslor glass, and lu it place 1 c.c. of 
standard auniionia solution (paragraph 56), fill up to the mark 
with mnnionia-froc water, and add 2 c c. Nesslor reagent, when 
a yellowish colour -will appear. Stand the two tubes on a sheet 
of W’hite paper, or a white porcelain tile, and compare the coloui’S 
If the standard is too light, make up another tost, using 2 c.c 
of standard anmioiiia, and so proceed until tlio two tubes aie 
identical in colour. Note the number of c c, ammonia required 
to effect tins. This is the operation of " Nesslorising." 

As described in paragraph 215 and 216, in ammonia 
estiniation the distillation is continued until 50 c.c. distillate 
Esliow no colour (or a colour which is less than that produced 
with I cc. standard ammonia), the vidue of each tube in c c. 
standard being estimated as here described Assume that tube 
No. 1 took 2 c.c. standard, No 2 took 1 c.c., and No. 3 was free 
Kow' proceed to tlie 200 c.c. caught in the flask. 

Mix thoraughly, measure off 50 c.c., and Nesslerisc, making 
at least two teats ; assume that 50 c.c. 4 c.c. standard 
ammonia solution, then 200 c.c, »■ 16 c.c. standard, to which is 
to be added tubes 1 and 2 (3 o.o,), malting 19 c.c. in all. This 
represents 700 o.o. water; therefore 70,000 (* a gallon) would 
require 1,900 c.c. standard, each c.c. of which ■= 0*00001 c.c. 
ammonia, so that 1,900 x 0*00001 ■ 0*019 grains of free 
ammonia per gallon. 

Albumenoid Ammonia , — -The Nesslerisuig is carried out m 
exactly the same manner as in the case of the free ammonia. 
The 200 u,G. of distillate first taken off are left till the last. Bach 
subsequent 50 o.o, tube is tested until the distillate is free (or 
shows a colour equal to less than 1 o,o, of the standard), idie 
number of c.c. of standard required by each tube being noted. 
Assume chat three tubes of distillate are taken off after the 


10 
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200 c c flask has been collected, and that No. 1 takes -J; c.c.. 
No 2; 2 c c , and that No 3 is free Now mix the contents ol: 
the flask well, measure off 60 c c., and test with Nossler reagent ; 
8 c c of standard are required to match the colour j check this 
by a second test, then 

60 c.c = 8 c.c standard. 

200 c c = 32 c.c standard + 6 o c. (tubes 1 and 2) « 38 c.c. 
38 c c. standard = 700 o o. sample. 

3,800 cc. standaid = 70,000 o.c. s.imple. 
and 3,800 x O’OOOOl = 0 038 gi-ains per gallon of albiinienoid 
ammonia contamed in the sample. 

Note — ^In Nesslerising operations, all apparatus must bo 
scrupulously clean, and only onimonia-free water (see paragrtipli 
206) must be used 


224 Water Purifleation and Filtration — The impurities 
contained in water supplies may be estimated as described in 
the earlier parts of this chapter With regal'd to the filtration 
of water, there are many systems by which this may be aoconi- 
phshed For use in works where a large and continuous supply 
is a necessity, the Riddell filter, which is made and supplied by 
Messrs L. Hugh Bnstowe and Co., of 47, Victoria Street, West- 
minster, London, S W., may be described as one which is in uso 
in many large mills for purifying and filtering river water for 
manufacturing pui’poses It is well known that the river Irwoll 
is by no means an ideal source of supply, but at the present 
time some four millions of gallons of IrweU water are being 
tieatcd daily by this system, so that the Riddell apparatus may 
be regarded as fulfilling the requirements both of purification 
and filtratioru Fig 36 shows a sectional view of the apparatus. 
The water is brought to the filter by the pipe B, and enters 
through the valve C, direct to the top of th^ filtering material 
passmg through the filtering material, it is ooUeoted by 
means of strainers E at the bottom, and discharged through the 
clean water pipe F ; at G is the overflow, through ^hieh, the 
dirty water passes to the sewer durii^ the 


ing matenal. The radial arms H are attaioheid ^ 
hub J at the lower eaid of the pipe K, whioU ] 
upper end. The pipe and pieton are free 
in the cylinder Mi k 


I l^(|ibw 
lot ibB 
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The pipe N is connected with the boiler feed pump, the 
deliveiy mam, or other aoui’ce of pressure, ojid 0 is an exhaust 
pipe connected with the waste pipe By means of the foiu-way 
cock P, and the pipe 0, the pressure may be conveyed to either 
side of the piston, as desired, while at the same time it opens up 
the other side of the exhaust and waste pipe 0 By moving the 
cock the pressure and exhaust are connected with the opposite 
Bides of the piston. 

In the regulai work of filtering, the positions of the various 
parts of the filter are as shown, with the waste or overflow valve 
G closed, BJid the cleai’ water valve open. A gauge K is fixed 
on the supply pipe, and gives lahe actual pressure, thus indioaiiiig 
the amount of resistance of the filtering material 

The process of filtering proceeds steadily until the gauge 
indicates, by the resistance of the filtering material, that it is 
necessary to wash it. The period at which this will occur 
must naturally depend upon the nature of the water under 
treatment. 

In plants of more than one compartment, the filter supplies 
itself with clean water for washing purposes No separate pump 
or tank need therefore be provided, as the one compartment 
which requires washing can be supplied with clean water from 
the other compartments The simplicity, combined with perfect 
efficiency of the washing operation in the Kiddell system, is one 
of its chief merits. 

The inlet valve of the compartment to be washed is closed, 
and the wash-out valve opened, with the result that part of the 
filtered water from the other oompartments is forced upwards 
through the bed, putting the whole of it in suspension ; as soon 
as the bed is thoroughly agitated, clean water is turned on 
through the radial ajrms, while at the same time they move up 
and down the compartment, thereby completing the agitation 
of the bed, and thoroughly scouring every particle of it. 


The tim© occupied in this opeiatton will, of course, vary con- 
siderably. I^ depends on two things; first, the nature of the 
water or effluent being Ideated; Secondly, the availaJtfl^ bnuapmg 
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has been determined, and the apparatus adjusted, no further 
attention is required other than maintaining the supplj in the 
reagent tank. 

It 18 important that the pump supplying these filters should 
be constructed in such a manner as to ensure a steady supply 
to the filters while at work, and also that the pump should be 
capable of being speeded up dining the process of washing 


WATER SOFTENING. 


226, Water Softeningt — Uardness in water is due to the 
piesence of salts of lime and magnesia. The object of all systems 
for water softening is the removal of these salts. Clarkes process 
consists in the addition of lime water to the hard water, when, 
the carbon dioxide being removed, the lime and magnesia are 
precipitated. 

The Arohbutt-Deeley process, plant for w^hicli is made by Messrs 
Mather and Platt, consists in treating the water in a tank with 
a mixture of carbonate of soda solution and lime ; the charge is 
then blown with air, the precipitate allowed to settle, and the 
clear tested water drawn off for use. 

The Carrod ” system is another method of purification and 
filtration by the addition of lime and soda. This plant also is 
erected by Messrs. Bristowe and Co, 


The “ Carrod ** patent water softener and purifier is automatic 
m its action ; the opening and closing of a cook starts or stops 
the machine. The rei^nts ore mixed in store tanks placed above 
the clarification tank ; the tanks being in duplicate, the mixture 
in one is prepared while the other is in use, to prevent the con-* 
tinuity of the process being intennipted. The water to be softened 
is admitted to the clarification tank by a mixing trough, the 
proper proporticiji of the reagents passing in at the same time, 
and well miading with it j the amount of each is determined by 
the filse of the no^leSf which is kept constant by causing the 


f^d ki each ^ through regulating tanks which are 
fitted with baR valvefij thus ensuring the head of water at 
^ the fater, after p^lng t]bn>ugh th^ mixing trough, 

tink by znls^ a pipe: wried to the 
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bottom, then passes upwards, and by the time the water reaches 
the outlet it is rendered perfectly soft, clear, and fit for immediate 
use. 

The softenmg of water should be controlled by means of the 
tests given in paragraphs 212 and 213. The amount of reagents 
used should be carefully watched, imd, by means of the analytical 
data thus obtained, the efficient and economical working of tho 
water-softening plant, whatever system may be adopted, is easily 
ensured. 





OHAPrER IX, 


Trade Effluents. 

The testing and control of manufacturing efHueuts is a 
matter ■which is neglected, to a very grea 4 ; extent, by the person 
who, from a commercial point of view, la most interested — ^the 
manufacturer liimself The daily press reports at regular 
intervals the proceedings of the river authorities, giving long 
lists of manufacturers who are to be proceeded against for pollu- 
tion of the water ooursoa. Generally spealcing, the manufacturer 
occupies a somewhat helpless position, and the result is that in 
many cases he is harassed to a far greater extent than would 
be the case if he were to devote a little more attention to the 
establishment of proper control over the effluent which he turns 
into the river or stream. 

Under existing circumstances, it generally happens that the 
River Inspector makes his i^pearanoe when he is least expected, 
and takes a sample of the waste water running away from the 
works, leaving a duplicate sample in the hands of the manu- 
facturer. After an interval, a copy of the analysis of this sample 
is forwarded to the manufacturer. If the impurities contained 
in the effluent reach a oertsdn point, the next step is that the 
manufacturer receives a notice fro^ the Rivers Committee, 
requesting him to attend a meeting oi| IJtat authority, before which 
tribunal he is invited to “show Qause/' ^hy he should not take 
immediate stSfM to prevent ^a of the offence. If this 

is a first appearaj>oe, he &b ^ "<S«jPC|fiSBed with a caution, 

Ob pir^bislb* tfeo* it 9 y$ ntt 406^1^^^ il, however, he has 
Mevi^y bwvjoled, »*y he ina^ased, 

jtik |$«ek 0*1 Wiffllrt tf ® 
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There are several impoitaiit points which may be usefully 
considered in connection with the state of things indicated above 
In the first place, the iimnufactui er has generally no means of 
checking the accuracy of the evidence upon which he is con- 
victed and fined The River Inspector has perhaps been visiting 
hib works for t’^selve months, and Las periodically been taking 
samples of his effluent Reports of analysis of these samples 
of effluent have been sent to the manufacturer After several 
questionable effluents liave been sampled, the proceedings follow 
which result m a substantial line 

In the first place, an absolutely independent control should 
be organised over the waste liquors tm'iied into the river It 
is not sufficient to have periodical reports from a body, the 
object of whose existence is the detection of pollution. Tlie 
manufacturer should have independent tests regularly made of 
the effluent which iTins away from his works. If he is commit- 
tmg pollution, he will quickly be made aware of the fact, and can 
at once take steps to remedy the matter, but if lie waits until 
the Inspector appears, just at the time when a bad effluent is 
runnmg off, he may be convicted upon the worst sample which 
he has produced for a month The first step, then, which 
the manufacturer ought to take for his own protection, is that 
of establishing independent and reliable control of his effluents 
This IS by DO means a difficult matter to accomplish. The testing 
of trade effluents agamst the river authorities is a comparatively 
simple operation, and if the tests, which will presently be 
indicated, are applied, the manufacturer will accumulate a mass 
of evidence which, m many instances, would be invaluable when 
he is called upon to defend his actions before the river authonties. 


In order to secure a record of the condition of trade effluents, 
it is not necessary that samples should be sent dally to a public 
analyst The objection to constant testing On the part of manu- 
facturers IS generally on the score of expense, Thoy ^’^hd 
with reason, that if they are to send 4aily to a 

analyst, and are charged a gumea or half a foi? a, test, 

they cannot afford the cost A yory 
difflcully would be te entrusit tho 
to the hands of an.^ mteU^Oi^t^ 
chemist, but with some " 
little prao^oe, wil| 
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iiecesflary for the oatablishment of an approximate check upon 
the quality of the effluents 

It IS, of course, imperative* that representative samples should 
be drawn. If the effluent is of uniform composition throughout 
the day, then one sample is sufflcient to represent the day’s 
output, but a good plan is to take a sample several times a day, 
mixing thoroughly, so as to obtain an average result A test 
of this average sample will give a very fair record as to the 
quality of the effluent for the day In the case of a paper mill, 
for example, samples might be drawn at four different times 
dm mg the day, say at nine in the morning, twelve noon, three in 
the afternoon, and rtix o’clock in the evening. 


226. The Sampling of Effluents. — Take a clean bottle of 
about 11 pint capacity, iiiise it out well with clean water, and 
pr<»ueod to talie tlio sample Half fill the bottle with the effluent^ 
and pour out again Now fill the bottle quite full, leaving just 
autficiont room for the stopper The bottle should be fitted with 
a ground glabs stopper, a corh should not he used This sample 
blmuld be put aside, the bottle being 'tightly stoppered, and at 
the right intervals the second, third, and fourth samples should 
be drawn in like manner. When the four samples have been 
collected, pour the contents of the bottles into a larger vessel, 
and iiux thoroughly. If much suspended matter or sediment 
is present in the separate samples, the necessity for this thorough 
mixing is the more urgent. Now fill two bottles with the final 
sample One of these should be sealed, marked with the date 
and hour of sampling, and kept for feference The other should 


be tested as follows ; — 

227. Suspended Matter (Suspended Solids).— The sus- 
pended matter is estimated as described m paragraph 203 
Shake the sample well before measuring off the quantity to be 
tested. This is a precaution which must be very carefully 
observed, otherwise the result may be altogether misleading 
Estimate the loss on ignition,*' after weighing off (see paragraph 
210). The residue after ignition * mineral; loss « volatde. 


328. Total Solids, ^The method for the estimation of the 
tptai solids will to found' in paragtaph 207, lu ^eesurmg off 
t^e two lots of 70 0 . 0 . thp tSift tettf precaution 




’tse narefully 


133 PRACTICAL TESTING OP RAW MATERIALS. 

obseiTed Estimate the loss on ignitiorij nftor weighing off (sco 
paragraph 210) Residue after ignition = mineral ^ loss = 
volatile 

229. SoUds in Solution (Dissolved Solids).— About 250 
c c. of the shaken sample are filtered as iii the case of ordinary 
water (see paragraph 209), and two lots of 70 c.o oi'e eTa 2 Joratt*d 
to dryness as there described Estimate the loss of ignition 
(see paragraph 210) Residue after ignition « mineral j loss «= 
volatile 

In the execution of each of the foregoing three tests the 
method of operation is precisely the same as in the case of ordinal y 
waters Before testing, the sami^les must be thoroughly 
agitated, but in other lespects the tests are identical. 

230. Organic Matter, — Foi trade purposes, the “Loss on 
Igmtion ’’ may be taken as a measm’e of the organic mattei con- 
tained m the effluent (see paragraph 210) Carry out the test 
in each case m exactly the same way as indicated therein. 

231. Total Hardness. — See paragraph 211. The total 

hardness m on elfiiient is estimated in the same manner os in an 

ordinary water The hardness is much higher, however, and 

it will frequently be found necessary to dilute the sample with 

distilled water, when the hardness is above 17°, 

% 

232. Permanent Hardness. — The test is the same as for an 
ordinary sample of water (See paragraph 212 ) 

233. Temporary Hardness. — This is the difference between 
the total and permanent hardness (See i>ai'agraph 213.) 

234. Alkalinity. — Measure off 360 o c. of the Avater, add 
5 cc. of normal sulphuno acid (paragraph 48), and evaporate 
to 100 cc. Cool, and titrate with normal caustic alkali (see 
paragraph 49), usmg methyl orange as indicator. Deduct the 
c.c. of alkali used from the 5 c c. acid, and multiply this figure 
by 200. This gives the number of grains per gallon of alka- 
linity in terms of sulphunc acid neutralised 

235. Absorbed Oxygen in Waters.— The following is tlie 
test used by the Mjersey and Irwell Joint Rivers Committee . — — 

Soluttons Eequired — (1) Dilute sulphuno acid; add one 
volume pure sulphuric acid to three volumes distilled water, and 
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colour with a little Bolution of potassium permanganate. (2) 
Solution of potasBiuin permanganate ; weigh ofi 0*396 gm of 
permanganate, and dissolve in one litre of distilled water (3) 
Solution of sodium hyposulphite . weigh off i gm. of pure sodium 
hyposulphite, and dissolve in one litre of distilled water (4) 
Solution of potassium iodide : weigh ofE 10 gm. pure potassium 
iodide, and dissolve in 100 c c. of distilled water. (6) Starch 
solution this IS prepared by adding nearly boiling distilled 
water to a little starch ; cool, settle, and use the clear liquid only 

I’ he Test — Four hours Measure off 70 c.c. of the water into 
a stoppered white-glass bottle holding about 8 oz ; add 10 c.c 
bulphunc acid solution, and 50 c o. permarganate solution. Place 
in a dark oupbooid, aiid leave for foui* hours at about 60° F. 
If the solution fades in ooloui very much, add a second 60 c c 
pel mail ganate At the end of four hours add a few c o. potassium 
iodide solution, and then titrate with hyposulphite solution until 
the colour is almost gone ; add a few drops starch solution, and 
titrate until the colour is discharged. (Three mimites^ test) ‘ Rmi 
the 70 0 c. sample into the bottle, add 60 c.c. permanganate and 
10 c.c. sulphuric acid, allow to stand three minutes in cupboard 
at about 60°F , and titrate as above. 

Blank test — blank test is now mtide by taking 70 c c. 
distilled water, 10 o.o. acid, and 60 c.c permanganate, and 
titrating as in the case of the effluent. 

Calculation — c.o. hypo used x 5 grams per gallon of 

o.c. hypo used in blank test^ absorbed oxygen. 

236. Testing against River Inspectors.— The method in 
which the analyses of works effluents are submitted by the river 
authorities is indicated by the table here given (paaragraph 237). 
Prom this some idea may be gathered as to the requirements to 
be observed in order to reach the standard of a “ good effluent.” 

The great difficulty m dealmg with Rivers Committees, Con- 
servancy Boards, and otlier bodies controlling the rivers, is 
that it is next to impossible to get them to ffx a standard of 
punty to which manufacturers may stnve to attain Their 
Inspectors draw samples regularly of the effluents turned into 
the nvers by manufacturers, and on the analysis of these 
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samples they mtimate to him that he is not fiilfiUiiif!: tlieir roquiro- 
ments; but if a manufacturer, in despair, Hliould demand wlint 
constitutes a good eflBiuent on their standai*d, they will take very 
good care that defimte information is not communioated. Under 
these circumstances, it is by no means e^isy for a manufacturer, 
whose effluent is at times liable to be bad, to avoid prosecu- 
tion, but it w possible for him to take cansiderii«blo preoautioim 
to prevent such an undesirable state of things. Tlio figuros in 
paragraph 237 give some idea of what the rivois authoritu'N 
regard as a good effluent, therefore, if a manufacturer can hd 
control his waste bquors that the suspended solids, the total 
solids, the dissolved solids, and the absorbed oxygen are not 
greater, but rather less, than the figui’es given under the lieml of 
a good effluent, he need have little fear of being pioseouted for 
nvers pollution. On the othei hand, if lie la detected in the 
act of tummg into the river an effluent which is admittedly I)U<1, 
it would considerably strengthen his position if he could produce 
a record which would prove that, so far from being the rule, the 
bod sample was an exception, and that hia average effluent was 
well below the limits m polluting matter In the face of such 
a record, a manufacturer who had been unfortunate in a single 
instance would be assured of much more considerate treatment 
at the hands of the authorities than would be the cose when, an 
generally happens, the only evidence is the incriminating certi- 
ficate of the chemist to the Rivers Board An. even more probable 
conclusion, however, is that a manufacturer who maintained the 
control of his effluent as here indicated would never find himself 
m trouble, as the greatest safeguard against pollution is the 
knowledge that such pollution is probable, when the necessary 
steps may at once be taken to prevent its occurrence, without 
waitmg for an inspector to supply the information 
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237. Official Report on Manufacturers’ Effluents.- 

(Results expressed m parts per 100,000) 


Natitmi or Bamplr. 


Disrolvas Solids Subpsnubd Boliob. 
Mineral Iv'ktlle. Total. Mineral Volatile. Total 


Tank efQuent 

11) 

Kilter efflaent . . 

41 

Kilter effluent .... 

52 

Kilter effluent 

100 

Kilter effluent .. . 

41 

Effluent from, lodge 

56 

Effluent frocn lodge 

41 

Kilter effluent 

82 

Tank effluent 

41 

Tank effluent 

74 

Tank effluent 

44 

Tank effluent .... 

39 

Tank effluent .... 

48 

Tank effluent 

87 

Tank effluent 

lOfl 

Tank effluent . . . 

17fi 

Tank effluent 

214 

Filter effluent 

m 

Filter effluent 

. 40e( 


iV'ottf.— The above results are expressed m parts of 100,000 ; 
parts per 100,000 x 0’7 •• grams per gallon The tests in this 
chapter are for grsins per ga^dn ; if /&e results are to be 
expressed as parts pejf llJO^OOO, then* l(^|e,o. ()f ssjpple ^ t^ea 
in eaoh case ii»t»s4 ' ' 3 ■ ’ ' . ■ ’ , : ' 

estiaiate tlie ' trie 
effluents, ^llbe; 
tions carried ottt' % Jl 
record 8ih<^ 
this -irfU W . ■ * 
ammonis k rawH 


i 
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Absorbed Oxygen —This is not shown in the returns of miiiui- 
facturers’ effluents, but the method is given in paragniph 
Absorbed oxygen appears to be estimated when tlie albiunenoid 
ammonia exceeds 0 150 parts per 100,000. 

237a. Purification of Effluents — Where the impurities in 
trade effluents consist chiefly of suspended masters, the greater 
part of these may be removed by subsidence in suitable tiuiks, 
and subsequent filtration The coostruction of the filters goiiorally 
in use for this pm’pose is weU known, and consists essentially 
of Bevel's! layers of filtering material of varying size, the top 
layer being generally cmders 

The question of the purification of efflueiit« hy precipitation 
with chemicals and subsequent filtration should be systematically 
studied The best method of procediu'e is uh follows ■ First 
estimate the solid matteis m solution as described in this 
chapter. Then add vaiyiug proportions of the pi'eaipitanh — - 

■which aie generally lime, ooppei'as, or alum until the best 

results are obtained, as indicated by careful teats of the treated 
effluent, after subsidence and filtration Having obtained reliable 
figures from such expeiiments, a careful study of these will show 
which precipitant, and m ■what proportion, will give the best 
results. In this connection, the cost of each precipitant per 
1,000 gallons of effluent treated must be couaidered, in coin- 
panson with the percentage of purification efleo^ted by its use. 
Other things being equal, the cheapest reagent will, of course, be 
selected This having been done, the quantity to be employed per 
per 1,000 gallons should be carefully calculated, and no great 
excess should be used Tlie tests given in this chapter will, if 
properly earned out, supply all the data requisite! for the efficient 
control of trade effluents 
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CHAPTER X. 

Miscellaneous Testing, Tables, &c. 

TEXTILE SUBSTANCES. 

The eoinplete testing of textile nubstaiices, and the estimation 
ot the exact conditioiih in whicli they are commereiully 
handled, is beyond the scope of the present work. It is here 
proposed to de<jil only with tlie testing of goods for moisture, and 
fat, gi’ease, or oil Tliese arc questions which occasionally come 
up for decision, and the following tests may be useful — 

238. Moisture. — Tins is estimated by drying at a iiiuform 
temperature (100° C.) until the weight is constant. Tlie sample 
should he a representative one, whether of yarn, weft, oi cloth, 
and Avhethor in cop, hank, or piece The sample for testing, 
representing the whole of the parcel in question, is dried in the 
water ovoii at 100° C., cooled in a tightly-closed vessel, and weighed 
Hccurutely when cool The percentage of moisture is then calcu- 
lated from the loss on drying 

239. Pat, Oil, or Grease. — Weigh off a quantity of the 
sample (from 10 to 20 gm), and pock loosely into the tube of a 
Hoxhlet’s extractor (see iniragiapli 150) dean and weigh 
accurately a small flask holding about 200 c c , with round 
botto-ni Fit up the apparatus as shown in Fig. 34; pour 
about 100 c.c. of benzol into the flask, and commence gentle 
distillation (using a sand bath for heating) At first the solvont 
will run tlirougli coloured; as the teat proceeds it will come 
tlirough colourless, as in tlie case of the extraction of sulphur 
in spent oxide (paragraph 150). Continue tlie di&tiUation for 
some time after this taltes place, then cool down; remove the 
flask, distil off the benzol (which sliould be kept in a special 
bottle, and labelled benzol for extraction of fats ; place the 
flask in the water oven (first removing the vapour by exposing 
to the air for a time), dry and weigh until the weight is constant, 
Tlie weighuigfi must be made carefully, as the residue in many 
cases 18 sm^l. The difference in weight of the flask gives the 
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fat, Oil, or grease contained m the weight of the sample extracted ; 
if 10 gm. are taken, multiply by 10, and the result is the per- 
centage contained m the sample. 

BOG ORE FOR GAS PURIFICATION 

Bog ore, which is chiefly used foi gas puriflcation, is generally 
tested for moisture and hydrated oxide of iron 

240. Moisture. — Crush and mix well ; if the sample is a 
large one, reduce by quartering Weigh off 5 gm into a porce- 
lain or platinum basin, and dry in the water oven at 100° C. 
until the weight is constant The loss, multiplied by 20, gives 
the pei-centage of moisture 

241. Hydrated Oxide of Iron. — Make up a solution of 
hydrochlonc acid of Tw strength Place 5 gm of sample* 
into a beaker with 200 c c of the hydrochloric aoid ; stand on 
the water bath, and digest for some time Filter into a 600 o c 
flask, make up to the mark when cold, and mix Measure off 
50 c c into a beaker, add a little potassium chlorate (crystals), 
boil weU, and add caustic soda solution until the liquid is strongly 
alkalme Bhlter, wash free from alkali, spread out the filter 
paper on a clock glass over the water bath, and dry (finishing 
off m the water oven) Place the filter paper with precipitate in 
a large porcelain crucible or a platinum dish, and ignite over a 
strong Bunsen burner, or in the muffle furnace , cool under the 
desiccator, and weigh the ferric oxide Divide the weight of 
ignited oxide by the dry weight of 6 gm sample j multiply this 
figure by 1338, and the result is the percentage of hydrated 
oxide of iron. 

HYDROCHLORIC ACID 

241a. Specific Gravity. — TaJee this carefully by means of 
the Weetphal balance (paragraph 18) 

Hydrochloric Acid — Pipette off carefully 10 c.o with an 
accurate pipette, dilute to 200 c c., pipette o-ff 10 o c. of this„ 
add pure sodium carbonate until faintly alkaline, colour with 
potassium chromate solution, and titrate with deomormal silver 
nitrate (see paragraph 112) Deduct 0 2 c.o. from silver solution 
consumed, multiply by 73, and divide by the spepifio gravity of 
the acid. The result is percentage of hydroohlorio acid 

Sulphurio Acid. — This is estimated by saturation with pure 
^carbonate of soda (free firan sulphate) and precipitating with 
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barhnii cliloride (see pui'a^^raph 88) , 1 part of barium sulphate = 
0 34335 SOa. 

Iron. — See paragraph 100 

NITRIC ACID 

241b. Specific Gravity. — This should be carefully taken 
wjtli the Weatphal balance 

Impurities. — remlut Evaporate to dryness a 
nieasuied quantity of the acid, and weigh the ignited residue 
SuJphmnc and • See paragraph 241a (sulphuno acid). Chlorine 
The a*'id is saturated with pure carbonate of soda until neutral or 
faintly alkaline, coloured with bichromate of potash solution, 
and titrated with silver nitrate (see paragi'aph 97). lion >See 
paragi'aph 100 


BEESWAX 

241c. For the complete analysis of beeswax, Allen’s “ Com- 
inercinl Ch’ganic AnalyaiP,’^ Vol II (J. & A. Clnirchill) should be 
consulted. The following tests serve for the detection of the 
adulterants usually found in the commercial article . — 

Water , — ^Weigli off 10 gm of sample in a dish, melt, and 
keep the molten wax at a temperature of 110° C until no more 
globules of water are observed. Cool and weigh. Tlie loss x 10 
= per cent, water. 

Mineral Matter , — Weigh ofl 5 gm , and ignite in a platinum 
dish or large crucible. Burn off completely, cool, and weigh. 
Residue x 20 = per cent mineral matter 

Sulphur , — ^Boil with a weak solution of soda, and odd acetate 
of lead solution when cool If sulphur is present, a block or 
brown precipitate will result. 

Starch and Flour , — Treat lOgm of sample with warm turpen- 
tine, filter through a weighed paper, dry, and weigh. Residue 
X 10 = percentage. 

Japan Wax^ Tallow, <ke , — ^Boil 1 gm. of sample with 1^ gm. 
of borax and 20 c.o, water If pure, the liquid remains practi- 
cally clear. If the above impurities are present, the liquid will 
be milky or gelatinoufl. 

11 
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CHIMNEY OASES. 

241<L Hydrochloric Acid. — Two bottles are partly filled 
with distilled water, and one cubic foot of the gas is driu\n 
through. To the liquid, pure bicarbonate of soda is added until 
faintly alkaline, then coloured with puie bichromate of iiotiisli 
solution, and a solution of silver nitrate oontaming 3 ‘OS gui , in 
a litre of distilled water, is added (see paragi'aph llii). Each 
c c, = 0 01 gm hydrochloric acid per cubic foot 

241e Total Acidity, — According to the Alkali xVcl, the 
‘‘ total acidity ” of the exit gases from vitnol plants, etc , must 
not exceed 4 grams of SO 3 per cubic foot. Tlie total acidity 
may be estunatod as follows By means of a suitablo aspirator the 
air is drawn through four absorbing botties; the first throe 
contam 100 c c standard caustic soda solution, and the fourth 
distilled water, at least 3 in of liquid being contained in each 
bottle, and the mlet tubes bemg not larger than 1/5 0th of an 
inch m diameter Tlie contents of the four bottles are united, 
with as httle dilutaou as possible, well mixed, and divided into 
three equal portions. One-third is titrated with Htnudard 
sulphuric acid, using phenolphthalem as indicator The calcula- 
tion IS as follows If V = volume of air used (reduced to 0® C 
and 760 mm pressure) and x = c,c standard acid used in 
titration, then 

1-852 X (100 -x)__ 

V 

total acidity m grams per cubic foot If chmuiey testing is to 
bo undertaken, the reader diould first consult Lunge and Hurter s 
“ Alkali Makers’ Pocket Book ” on the subject 

BOILEll FLUIDS 

242. The principal test to be applied to boiler fluids is the 
estimation of the alkalmity As a basis for comjainsoii tins is 
the most convement test Measure off 26 o.c of the sample, 
and dilute to 600 c c Pipette off 50 0 c into a flask, dilute 
lather freely with water to reduce the colour, add a few drops of 
methyl orange, and titrate with normal acid (see paragraph 106). 

SOAP, 

243. Water. — Clean and weigh a platinum or porcelain dish, 
Remove the outer crust from the sample of soap, and from the 
inner portion scrape off 10 gm into the dish. Dry in the water 
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uvcMi foi about tluee hours, cool under the desiccator, weigh, 
leturii to the oven for an hour, cool, and weigh again. Repeat 
this until the weight is constant. The loss, multiplied by 10, 
gives the percentage of watei 

244. ITnsapomfied Pat (Free Pat).— Extract the dried 
sample, after the estimation of the water, in a Soxlilet’s 
apparatus (see paragraph 239) Wrap the soap in a piece of 
tilter paper, or a cartridge of filter paper ; weigh the cleaned and 
diied flask as in sulphur extraction (paragi’aph 150), and exhaust 
witli petioloiiin ether for about an lioui' and a half The solvent 
IS distilled oft iia in poiagraph 239, and the residue weighed 
Tins, multiplied by 10, gives tlie percentage of unsaponified fat 

246. Free Alkali. —Weigh off 10 gm of the shredded 
siunple, and boil in about 200 c e. of water , add a little phenol- 
])hihalein (paragi^apli 64), and titrate with standard sulpliuric 
jiicid (ixu’Ograph 48; Phenolphthalem gives a red coloiu’ m 
]ueseiice of fiee alkali, and this colour disappears on neutraliza- 
tion witli iUAid Tlie o.c. of sulphuric acid used, multiplied by 10, 
and then by 0 04, gives the percentage of caustic soda (Huist, 
in Ins ^>01*1^ on “ Soaps,” states that 10 gin ot a good soap should 
not consuiiie nioie than 0 76 to 1 c c of standard acid ) 

THE DETECTION OF ARSENIC 
It is not pioposed to describe here the methods to be u-^eij 
in tliG (luaiititative estimation of minute proixn*tionB of arsenic. 
This task would, no doubt, generally speaking, be somewhat out 
of the reacli of tlie reader of this volume, which, moreover, does 
not contain an exposition of exact analysis where such minute 
quantities are involved as in the case of arsenic in many products. 
The recent epidemic of arsenical poisoning from contaminated 
beer has resulted in the discovery that arRenic is present m mauy 
vm niateiialh, where sucli an impurity had previously never 
l)ecn suspected The consequence is, that users of materials in 
winch araenio may possibly exist os an impurity, are beooming 
aware of the necessity for testing to ensure the absence of this 
undesirable substance. It is proposed to embody in this chapter 
such instructions as will serve to detect the presence of arsemc , 
if it is desired to estimate the exact quantity present, the reader 
is referred to the l:v)oldot issued by the Society of Chemical 
Industry, entitled “The Detection and Deteimination of Arsenic,” 
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which may be obtained, price Is , from Messrs Eyi’e and Spottiw- 
woode. East Harding Street, London, E.C. , and also to the recently 
published work on “Aisemc,’’ by Professor Wanklyii Tlie 
details which follow will answer the pui'pose of the investigutoi 
who wishes to prove the presence or absence of arsenic in his 
raw materials and manufactured products, beyond tins, in the 
space here available, it is impossible to go. 

246. Marsh's Test for Arsenic. — Hydrogen is generated 
m a small apparatus — a Woulfl^s bottle for preference A few 
pieces of zinc rod (free from arsenic) are introduced, together 
with dilute sulphuric acid, also arsenic-free To the delivmy 
tube of the hydiogen apparatus, a piece of glass tuliing. drawn 
out to a fine jet, is attached by a rubber joint The evolution of 
gas IS started, and after a time a light is applied to the jet This 
must not be done too soon, or an explosion will result, Tlie gas 
may be tested by filling a test tube, and holding tlie mouth to 
a Bunsen buiTier , if the gas burns quietly, tlie jet may bo 
isrnited A cold white porcelain dish or tile is held in the 
flame; if no deposit fonns, the apparatus is olenii, and ready 
for the test. 

A hftle of the solution to be tested is poured down tlio funnel 
of the hydrogen appaiatus, and the cold white porcelain is again 
held m the flame , if arsenic is present, a metallic film will bo 
deposited of a brownibh-blaok colour The flame must not be 
aJlowed to play on the film for more than a moment, or tlie 
film will be volatilized If a part of the jeUube is heated, a 
brilliant miiTor of ai’semc is produced in the tube. The film 
produced on the poicelam may be proved to be arsenic by its 
solubility in a solution of hypochlorite of soda (bleaching 
powder) Antimony produces a metallic mirror, but the stain 
does not dissolve in hypochlorite solution 

247. Seiuscli s Test for Arsenic. — If a solution mixed witli 
hydrochloric acid is heated with a clean piece of copper foil or 
wire, a grey film of copper arsenide is formed on the copper, 
even in veiy dilute solutions. If the deposit is dried, the 
arsenic is volatilized and oxidised, giving a white crystalline 
precipitate of araemous oxide. 

247a. Modified Eeinsoh’s Test for Arsenic in Beer — 

The Commission of Experts appomted by the Manchester 
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Brewers* Central Association, in 1901, recommended the follow- 
ing melliod of performing the Reinsch test • — 

The Commission recommend that the Reinsch test should 
be used in preference to all others at present known, because 
tlieii investigations have satisfied them that it is the best and 
most reliable test for arsenic in beer The inode of performing 
it 19 ns follows Take 200 c c of the beer in a poicelaiii evaporat- 
ing dish Raise the liquid to the boiling point, and then add 
.‘10 c c of puro concentrated hydroolilonc acid. Insert a piece 
of pure bright copper foil, about a quuii:er of an inch by half an 
incli in Hi/e, and keep the solution gently boiling for forty-five 
iniiiutes. If, at the end of that time, the copper remtiius bright 
and red, the beer is free from arsenic 

If a deposit is obtained on the copper, the foil is to be washed 
fiUccoRHively with water, alcohol, and ether (care being taken that 
these are pure), dried at a temperature not exceeding 100° C., 
and subjected to slow sublimation in ti thin reduction tube of 
Hiiiall section, and not less than two inches long, the upper portion 
of which should be warmed before the sublimation begins For 
the pui’poso of sublimation a small spirit lamp flame should be 
used If any subliiuate is obtained, it must be examined under 
H niaguifyhig power of about 200 diameters Any subliinale 
winch does not show well-defined octahedral or tetraliedral 
oi-ystals IS not to be considei’ed arsenical 

It uiURt be borne in mind that the blackening of the copper 
or a deposit thereon from the preliminary operation does not 
demonstrate the presence of arsenic lu beer. Abundant blacken- 
ing and deposit may be obtained from the purest beer 

248. Arflenic in Goal and Coke.— The following test, for 
the detection of minute quantities of arsenic in coal and coke, 
was described at length in a paper read before the Nottingham 
Section of the Society of Oliemical Industry, -on April 24th, 1901, 
by Meshis. h. Archbutt and P. (j. Jackson* — 

A fair average sample of the coke, obtained from a large bulk 
hy crushing and quartering in the usual niiuiiier, is reduced to 
coarse powdei* in a giinding mill, and rather more than BO gin. 
of this coarse powder are further ground in a mortar and passed 
through a sieve, having 90 meshes in one linear inch, then dried 
ut 100° C. Of the dry coke, BO gm. are placed in a 16 oz. plain 
retort, and heated for at least two hours with 100 o.c. of pure 
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mtiic acid (1 42 spBcific gravity), the neck of the retort being 
mclmed upwards, so as to condense and return the acid which 
evaporates A small flame is used, large enough to inainiaiii 
gentle ebullition Copious red fumes are evolved. 

The contents of the retort are transferred to a beakei, diluted 
with hot distilled water to about 400 o o , and, after settling, 
filtered, and the coke washed by suction on a toughened filter, 
which 16 easily done. The clear filtrate is evaporated in a poi ce- 
1am basin to complete dryness on a water bath , tlie residue is 
mixed with 26 c.c. of pure concentrated sulphuric acid, and 
further heated, with frequent stirring, until the feme nitrate is 
decomposed, and a smooth cream containing feme sulphate and 
fiee sulphuric acid obtamed Heating is then continued ovoi a 
sand bath until sulphuric acid fumes come off The residue, 
when cold, is diluted with enough water to dissolve it on warm- 
ing, and agam evaporated until sulphuric acid fumes appeal. 
This 18 repeated until, on diluting with water, no smell of nitric 
acid is observed — -the second evaporation being usually sufficient. 
To make qmte sure of expellmg every trace of nitnc acid, 
solution and evaporation are repeated once more. 

The residue is next dissolved m 60 c c of water, and traiih- 
feiTed to a 16 oz distillation flask connected to a Thorpe’s 
levenue condenser, having an adapter attached to the end, which 
dips below the suiface of about 20 c c of water contained in 
the receiving flask The distillation flask is closed by a rubber 
bung, through which is passed a thennometer having its bulb 
within ^ mch of the bottom of the flask Then 23 gm. of punfit'd 
chloride of sodium and 2 gm. of ferrous sulphate are added to 
fhe liquid in the flask, which should be quite cold, and not more 
than 100 0 c m volume Distillation commences at about 
110° C , and is continued until the temperature reaches 126° C, 
at wluch point the whole of the arsenic will be found in the 
distillate. 

The authors did not succeed m titrating these mmuto traces 
of arsenic in the distillate direct, after neutralization -with 
ammonia, the end of the reaction being too indistinct They 
therefore precipitated the arsenic as sulphide, by adding to the 
atid distaiate some pure sulphide of zinc, and agitating for a 
fey minutes untfl the precipitate coagulated The delioaoy of 
this re-aotioD is said to be remarkable — as little as 0*1 milli- 
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grnmnio of As4 Oe in 100 c c. being lecognisable lu daylight by 
the yellow colour pioduced on adding the sulphide of zmo, and 
lifter agitating foi a few minutes, even so small a precipitate 
cojigulates luid can be filtered off. 

249. British Pharmacopoeia Tests for Arsemc (B.P., 
1898). — Sulphuretted hydrogen gives, in solutions containing 
livdroclilonc acid, a yellow precipitate, soluble in solution of 
caustic potash, potassumi carbonate, ammonium hydrosulphide, 
and potaasiuni hydrogen sulphite, and m solution of BP 
iininKiinuin Laiboiiatc, but repiecipitated on addition of hydro- 
chloric ac'id. The precipitate is insoluble iii the stronge-fft hydro- 
el iloric acid 

Nascent hydrogen, generated by the action of zmc and 
•liluted bulphui'ic acid, converts arsenium compounds into 
arhoiiiuretted hydrogen, A cold porcelain tile, held in the flame 
of this gas, acquires a daik metallic deposit, which is readily 
dissolved by solution of chlorinated soda The gas, when passed 
into excess of soliitiori of silver nitrate, oauseR a black precipi- 
tate of silver, and the cautious addition of ammonia solution to 
the supernatant liquid causes a yellow precipitate 

StaiinouH chloride, dissolved in a large excess of hydrochloric 
acid, gives, on boiling with a solution containing arsenic, a 
brown ish-block precipitate. 

Bright copper foil precipitates arsenic from solutions acidified 
by liydrochlonc and, and the arsenic may be volatilized by heat 
ill till open tube, when it condenses, at some distance from the 
copper, us a white sublimate of characteristic octahedral crystals. 

4r8enites, — Solutions of orsonitea give a yellow precipitate 
vith u HolutiuJi of silver ammomo nilra;te. 

Arttenatn . — Solutions of arsenates give a reddish-chocolate 
jirecdpitate with solutiou of silver iimmonio nitrate 

260. Arsenic in Glycerine (British Pharmacopoeia 
Test, 1898).— Two c.c. of the glycerine are dfluted with 6 o c. of a 
mixture of 1 part of pure hydrochloric acid and 7 parts of water ; 

1 gm, of pure zino is added, and the whole placed in a long test 
tube, the mouth of which is covered by a piece of filter paper 
moistened with a drop or two of mercuric chlonde solution, and 
dried. The paper sliould not show a yellow stain on the paper 
even after 16 miiiutes (limit of arsenio). 
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QUALITATIVE ANALYSIS 

The reader is recommended to seciu’e a good text-book of 
qualitative aualTsis — ^there are several available, such as Newth's 
“ Manual of Chemical Analysis Qualitative and Quttiititiitivc, 
(Longmans k Cb.)j Clowes and Coleman’s Qualitative 
Chemical Analysis’^ (J. & A Ctiurchill) The instructions for 
general manipulation should be studied as therein indicated, as, 
without such preparation, it will be very difficult for the novice 
to understand and execute the tests involved, particularly whore 
the separation of a uiimbei of metals is to be uiidertakoii. A 
set of tables, illustrating the method of separation ret'Oimuended 
by Fresenius, will be found in this chapter, and will be iisoful an 
a guide to geneial analytical woik of a qualitative nature. 

Rb action?^ op the MarAL^M 

261. Silver. — D} 1 / (I) Mixed with sodium carbonate, and 

heated with charcoal under the blow pipe, compoundn of silver 
give brilliant metalhc globules 

Wet (2) Hydrochloric acid gives a white curdy jirecipitate, 
insoluble in nitric acid, soluble in ammonia 

262. Monad Mercury.— Di// (1) Mercurous compounds 
volatilize when heated in a glabs ignition tube. (2) Mixed with 
dry carbonate of soda and heated in an ignition tube, covered 
witli a little diy carbonate of soda, the meicury sublimes, form- 
ing a grey ring. 

Wet (3) Hydrochloric acid gives a white precipitate, insoluble 
in cold hydrochloric acid and cold nitric acid, soluble on pro- 
longed boihng in these acids (I) Sulphuretted hydrogen gives 
a black precipitate, insoluble in dilute acids and aulxihide of 
ammonia, but soluble in sulphide of soda in piesence of caustic 
soda, and readily soluble in aqua regut (6) Ammonium Buli>hido 
gives same precipitate as (4) (6) Tin chlonde givGR a grey 

precipitate. 

263. Lead. — Dig (1) Mixed with carbonate of aodn, iuid 
/ heated on charcoal under blow pipe, malleable metallic beads are 

obtained. 

Wet * (2) Hydrochloric acid gives a crystalline precipitate, 
soluble in water. (3) Sulphuretted hydrogen gives a black pre- 
cipitate, insoluble in cold dilute acids, soluble in hot dilute nitric 
acid, (4) Ammonium sulphide gives a black precipitate. (5^ 
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Sulphunc tiuid gives a white piecipitate (6) Potassiiiiu biclu-o- 
mate gives a yellow precipitate (7) Potassium iodide gives a 
yollo\> precipitate. 

264, Dyad Mercury, — If ft. Sulphuretted hydrogeiij in 
small (iinuiitites, gives, on shaking, a white precipitate ^ a laiger 
(plant ity causes precipitate to turn yellow, and excess gives a 
black. 

266. Bismuth. — 7Jr// Compounds of hisiniith give brittle 
luclallic beads wlien lieated with oai’bonate of soda on charcoal 

hV (1) Sulphuretted liydrogen gives a black precipitate, 
insoluble in dilute acids and alkaline sulphides, readily dissolved 
by boiling nitric acid (:2^ Water forms a white piecipitate. 

266. Copper. /?/// In the Bunaeu flame copper gives 
an intcTihcly green colour, liydiocliloric acid intensifies this 
colouration. (2) The borax bead "ivea a gi’een colour when hot, 
and blue when cold. 

Jfft (.*1) Sulphuietted hydrogen gives a brownish-black 
piecipitate, insoluble in dilute acids and caustic alkalies, readily 
Rcdublc 111 boiling nitric acid, and slightly soluble in sulphide of 
amuioni'i ; Lompletely soluble iii potahsium cyanide (4) Ammonia 
111 i*xci‘^s uiAes a deep tuure colour. 

267. OadmiuilL —Wet Sulphuretted hydrogen gives a bright 
yidlou jirecipitatij, nisolublo in dilute acids and alkalies, easily 
aoluhle in boiling nitric, hydrochloric, and sulphuric acid 

268. Tin. — (1) Pii«od on charcoal with carbonate of 
soda and cyanide of potassium, malleable beads of metallic tin 
arc formed. 

Wft .* Mercuric chloride in excess gives a grey or white 
]nccipitiite. (See (h-oup II, Separations.) 

269. Antimony. — ^ eactiam * (l) Brittle beads of 
metallic antimony are produced by heating with carbonate of 
soda on charcoal, v^hkli burn and sink in the charcoal, giving a 
white film. 

Wft i fact inns' (2) Sulphuretted hydrogen m acid solution 
gives an ornnge-red precipitate, soluble in caustic potash and 
alkidme sulphides, insoluble in dilute aoids, soluble in boiling 
strong hydrochloric acid. (3) Zinc gives a black powder. (See 
Group li., Separations.) (4) Solutions of antimony, by Marsh’s 
test (paragraph 246) give mirrors imolMe in chloride of soda 
Kolution (arsenic is snlMe), 
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260. Arsenic. — See paragraphs 246 ojad 247. 

261. Selenittm. — The test of the United State-s Phannaocnpia 
foi selenium in sulphur is to boil equal parts of the aulphui and 
potassium cyanide in water, to filter, and add excess of liydro- 
chlonc acid to the filtrate If selenium is present, a i eddish 
colouration results, and it is said that the delicacy of this test 
is such as to enable the detection of l/600th of a grain of 
selenium 

262. Nickel. — Bry Heated in a borax bead, a leddisli- 

biown bead is obtained 

Wtt Aiomoiiium sulphide gives a black precipitate, not com- 
pletely soluble m excess of sulphide, and so giving a dark filtrate 

263. Cobalt. — Bry In borax bead a bnglit blue bead ih 
obtained This test is very delicate 

Wti Ammonium sulphide and chloride give a black precipi- 
tate, insoluble in dilute hydrochloric acid and alkalies, and soluble 
m hot aqua regia 

264 Iron. — Dry In borax bead, in the inner flame, a bead 
IS obtained which is bottle-green when cold. 

Wet Potassium ferrocyanide gives a blue precipitate with 
feme salts Add a little nitnc acid to oxidise the iron before 
testmg Potassium sulphocyanide gives a red colour with ferric 
solutions 

266. Manganese. — Bry In the outer flame, the boiax 
bead is coloured red when cold A carbonate of soda bead, 
touched with a finely-divided manganese compound, held in the 
flame, then dipped into powdered potassium nitrate, and heated 
again, gives a green bead, bluish on cooling This test is a very 
delicate one 

266. Zinc. — Wtt» Ammonium sulphide in presence of 
ammomum chloride gives a white precipitate, insoluble in 
ammonium sulphide, potash, and ammonia, soluble in hydro- 
chloric, nitnc, and dilute sulphuric acid Sulphuretted hydrogen 
gives the same precipitate Carbonate of soda givoa a white 
precipitate, insoluble in excess of soda. Potassium ferrocyanide 
gives a white, slimy precipitate, insoluble in hydrochloric acid, 
partly soluble in excess of the precipitant. Ferrioyanide of 
potassium gi\res a brownish-orange coloured precipitate, soluble 
in ammonia and bydrochlonc'acid. 
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267. dironuum. — Boiax bond is coloured emerald 
when cold, dironuum compounds, when fused with chlorate of 
l)otnsh and sodium carbonate on poicelani or platinum, give a 
yellow mass. 

Wet: Chlorido of soda solution givoa a yellow liquid on 
hnilingj lead acetate giveh a yellow piecipitate 

268. Alumimum.— Caustic potasli and ammonia 
giv(‘M n white precipitate, which, on platinum wire in Bunsen 
dame, glows brightly. 

269. Barium* — Brij: Barmin compounds give a yellowish- 
greon flame when lieated on plntimmi wne 

Wet : Sulphuric {U‘id and sulphate of calcium both give a 
hoi\^y wliite jirecipitate, even lu dilute solutions, insoluble in 
nlkahcR, and almost so in dilute acids; perfectly soluble in boiling 
nitric and hydrochloric acids. Bichromate of potash gives a 
light yellow precipitate, soluble in nitric and hydrochloric acids 

270. Strontium— Moistened with strong liydro- 
cliloric acid and heated in the Buiirqh flame, strontium com- 
pounds give an intensely red colour. 

Wet : Ammonium carbonate gives a white precipitate, Sul- 
liliuric acid and calcium sulphate givo a white precipitate after 
standing, Koluble to a certain extent in hydrochloric and nitric 
acids. Bichromate of potash precipitates a light yellow crystal- 
line precipitate on long standing. 

271. Oalcium — Dry: Calcium compounds give a yellowish- 
ivd flnine, 

Wet: Aruiuonium carbonate gives a white precipitate; oxalate 
of amiuonm, white precipitate ; phosphate of soda, white pre- 
cipitate ; sulphuric acid, white precipitate. Test these pre- 
cipitates in flame. 

272. Magnesium. — Dry: Magnesium compounds glow 
brightly in flame. 

Wet: Phosphate of soda gives white precipitate Ammonia 
alone gives gelatinous precipitate, soluble in ammonium chloride 
Pliospate of Boda gives a white precipitate — orystcdline, and most 
marked on atatiding, 

278, PotaSBium—J3«’i^.‘ Violet flame. Wet: See Group V, 
Separations. 
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274. Sodium. — Dry, Intensely yellow flame. 

276. Ammonia. — Heated with quicklime or caustic soda 
gives off distmct ammonia smell, and platmic chloride gives a. 
heavy yellow precipitate m strong acid and neutral solution 
Ammonia gas turns a red litmus paper a blue colour. 


Reactions of the Acids 

276. Sulphate. — A portion ol the substance is boiled 
with hydrochloric acid, filtered, and tested with barium chloride 
A white precipitate shows the presence of a sulphate 

277. Ohlonde. — A portion of the substance is warmed 
with nitnc acid, filtered, and silvei nitrate solution added A 
white precipitate, easily soluble in wiiim unmionia, shows the 
presence of a chloride 

278. Nitrate. — The clear solution of the substance is mixed 
with its own volume of strong sulphmic acid, and the liquid 
cooled. Freshly-made cold solution of feri’ous sulphate is poured 
as a layer upon the surface of the liquid ; a brown niig at the 
point of contact shows the presence of a nitrate 

279. Cyanide, — Tins, if present, may be detected by the 
smell of bitter almonds which is given off by the substance on 
heating with sulphuric acid. 

280. Phosphate. — Boil some of the original substance with 
dilute nitric acid, and add a little of the clear solution to some 
ammonium molybdate. Shake and mix the liquid well, and if 
no precipitate forms waim veiy gently A yellow precipitate 
shows the presence of a phosphate 

281. Borate. — Worm some of the substance with a little 
dilute hydrochloric acid, dip mto the solution a strip of turmeric 
paper, and dry the paper at a gentle heat The change of colour 
of the turmeric to reddish-brown, becoming blue-black when 
moistened with ammoma, shows the presence of a borate. 

282. Fluoride. — Place the powdered substance in a lead cup 
or platinum crucible with strong sulphunc acid Coat a watch 
glass with a film of paraffin wax, and scratch lines through the 
film with the point of a penknife Place the watch glass as a 
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L-over wiion the metul vessel, and gently warm Eemove the 
wux If the lines are etched upon the glass, the presehce of a 
Jluoiide iH sliowii, 

283. Sulphide. — Tins 1& easily detected by the smell on heat- 
ing with strong hydrochloric acid A strip of filter paper, dipped 
in load acetate, is turned black 


Tables for Qualitative Analysis 

284. The following tables show the methods to be followed 
111 tlie sepai’atioii of the metals It is assumed that the solution 
to bo dealt with contains all the common metals The detection 
of those, and the moans by which they may be separated, are 
indicated — 

(rrnup /. — ^Add hydrochloric acid; silver, monad mercury, 
find lead are precipitated 

Group II, — ^Filter, pass sulphuretted hydrogen through the 
filtiate, dyad mercury, bismuth, copper, cadmium, tin, antimony, 
and nrHouic are precipitated. 

Group III — ^Filter, add ammonium chloride solution, 
an 111101 iiiiiu hydrate, and nnunonium sulphide j nickel, cobalt, 
iron, manganese, zinc, chromium, and aluminium are precipitated. 

Group IV, — Filter, add ammonium carbonate solution, 
barium, strontium, and calcium are precipitated 

Group 7 . — ^The filtrate contains magnesium, potassium, 
Kodiuni, and ammonium. 
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Dry Rhaotions tor the Metals. 


290. Flame Test. — Dip a piece of platinum wire m strong 
pure hydi'oclirolio acid, and heat the wire m the non-luminous 
flame of a Bunsen burner, until the wire glows, but imparts no 
colour to the flame. Now pick up a little of the substance to be 
tested on the heated wire, hold in the flame, and note the colour 
The colour reactions peculiar to the various metals will be found 
under the different headings 

291. Borax Bead Tests, — Make a loop on the end of a piece 
ot platinum wire, heat the wire to redness, dip the loop into a 
little powdered borax, and heat until a colourless bead is formed 
in the loop. To make the test, talce up a little of the substance 
on the bead, and hold in the flame of the Bunsen burner. Notice 
the colour imparted to the bead. The charaotenstio colours dis- 
tinguishing the metals will be found under the different headings 

292. Charcoal Test.— Scoop out a hole m a block of char- 
coal In this place a little of the substance, and heat strongly 
in the blow-pipe flame. The behaviour of different salts will 
be found indicated in the tables mcluded m this chapter. 


293, TABLE 

Element 

Aluminium 

Antimony . . 
Arsenic 

Barium 

Beryllium 

Bismuth 

Boron 

Bromine 

Oadmlum 

Oaloium 

Ooeslum 

Oarbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper (Cuprum).. 

Dldymlum 

Erbium 

Eluorine 

Gallium 

Germanium 

Gold(Aiirum) 

Hydrogeu 


ATOMIC WEIGHTS. 

Approximate 
Symbol. Atomic Weight. 

Exact 

Value. 

, Al . 

.. . 27- ., . 

27*04 

. Sb. . 

120- 

lie 6 

As. 

76* 

74-9 

Ba. 

... 187* 

186*86 

.. Be. 

9* 

9 08 

, Bl. 

... 207'6 ... 

— 

B. 

11- ... 

10-9 

Br. 

... 80- . . 

79-76 

Cd. 

112- . . 

111-7 

. Oa. 

... 40‘ . . 

30-01 

Os. 

188- . 

132*7 

. 0. 

12* . 

11-97 

. Ce. 

141-2 

— 

. 01. 

, .. 35-6 

35-37 

, Or. 

62- ... 

52 45 

... Oo. 

69- 

68*6 

... Cu, 

68- 

68-18 

.. BL 

145- ... 

— 

... Br. 

166- 

— 

... B. 

19- . 

19-06 

Ga. 

70- . 

69 86 

Ge. 

72- . . 

— 

... Au. 

197- . . 

196 8 

. H. 

.... 1- 

— 


12 
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Approximate 

Bxaot 

BLement. 

SymboL 

Atomic Weight. 

Value 

Indinin 

. In. . 

.. . 113* 

113-4 

Iodise . 

I. 

127- 

120-64 

Iridium 

Ir 

102-6 

— 

Iron (Ferrum) 

Fe. 

... 66* ... 

66-88 

Las than 'am 

La. 

. 138-6 . 

— 

Lead 

. . Pb 

207- 

200 SO 

Lithium 

Li. . 

7- 

7-01 

Magnesium 

. Mg. 

24- 

28-04 

Manganese 

, Mn. 

66- 

54-8 

Mercury (Hydrargyrum). Hg. 

200- 

100-8 

Molybdenum 

Mo. 

. 96- , . 

96-8 

Nickel 

Nl. . 

69- 

58-6 

Niobium .. 

Nb. . 

. 93 7 

— 

Nitrogen 

N. 

14- 

14-01 

Osmium 

. Os. 

. 191- 

— 

Oxygen 

. 0. 

16- 

16-96 

Palladium 

Pd. 

106- 

106-2 

Phosphorus . 

. P. .. 

81- 

30-96 

Platinum 

Pt 

... 196- 

104-8 

Potassium (Kalium) 

. K. 

39- 

80 -08 

Kbodium 

Rh. 

104- 

104-1 

Hubtdium 

Rb 

86- 

86 2 

Buthenium 

Ru. 

103 6 



Samarium 

Sm. 

160- 

— 

Scandium 

Sc 

44- ... , 

43-97 

Selenium 

Se. 

79- 

78-87 

Silicon 

Si 

. 28- 

28-3 

Silver (Argentum) 

Ag. . 

108- . . 

107,66 

Sodium (Natrium) 

Na. 

23- 

22-995 

Strontium . . 

Sr. 

87-3 

— 

Sulphur 

S. 

82- 

31-98 

Tantalum 

Ta, . 

. 182- 

■ ■ 

Tellurium 

Te . 

126- . .. 

■ 

Thallium . 

. . Tl. 

203 7 ... 

__ 

Thorium . , , 

. . .. Th. 

232- 


Tin 

Sn. 

. .. 118- 

117-35 

Titanium ... 

Tl. 

48- 

_ 

Tungsten 

W. 

184- 


Uranium . 

u. . 

. . 289-8 . 

_ 

Vanadium 

V. 

239-8 , 


Ytterbium 

Yb. . 

173- .. 


Yttrium . 

Y. 

. 89*6 , .. 


Zinc 

Zn. .. 

..66 

64-88 

Zirconium . , . 

, Zr. 

90-4 ... 


Noth — T he figures given in the third column are 

1 the veliien 

commonly used; the more 
employed In exact work. 

accurate figures in the fourth column are 
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294. CONVERSION OF TWABDELL HYDROMETER 
DEGREES. 

Dtgieea Twaddell io Specific Gravity — ^Multiply mimber 
of degrees x 005, and add 1,000 

Specific Guivity to Degrees Twaddelh — ^Deduct 1,000, and 
divide the remainder by *006, 


296. CONVERSION OF TEMPERATURES. 

Centigrade to Falirenlieit, — ^Multiply by 9, divide »by 6, and 
add 32 

Fahrenheit to Centigrade. — Deduct 32, divide by 9, and 
multiply by 5 

296. COMPARISON OF AVEIGHTS AND MEASURES.— 

1 Metre =3 280890 English foot. 

1 Litre = 0 2201 gallon**. 

1 Hectolitre =22’0l gallons 

1 Kilogramme = 1,000 gm. = weight of 1 litre of water at + 4 C 
= 2 2040 pound avoirdupois, 

1 Gramme =15*432 grains (English) 

1 Quintal = 100 Kg = 190*84 lb. avoirdupois = 1 cwt. 3 qrs. 0*84 lb. 
1 Metrical ton =1,000 Kg. = 0*0842 English ton=l 1028 American short 
ton (at 2,000 Ib.) 

1 Foot = 0 8047048 metre. 

1 Inch = 25*8905 mllUmetrea. 

1 Yard = 0*0143885 metre. 

1 Gallon =4 quarts=8 pint6 = 277*274 oub, inches = 4*530 litres 

1 Cubic foot =28*3168 litres, 

1 Cubic inch -10*3802 cubic centimetres. 

1 Fluid ounce = .:^th pint = 28 85 cubic centimetres 

1 Pound avoirdupois = 16 ounces =7,000 grains = 0*4686926 kUogramm© 
1 Ounce avoirdupois = 487 grains = 28*86 g, 

1 Gallon = 10 lb. of water = 70,000 grains 

1 Hundredweight = 112 lb. = 60*8024 kg. 

1 Ton = 20 cwt. = 2,240 lb = 1016*648 kg. 

Pound troy= 12 ounces troy = 00 drains = 288 scruples = 5,760 grains, 
=373*24196 gm. 

1 Ounce troy = 8 drams = 24 scruples = 480 grains = 81*1085 gm. 

1 Grain (common to avoirdupois a*ul ti^oy weight) = 0*064T9806 gqi. 
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WORKS OF REFERENCE 

297. The following volumes are quoted as being the most 
useful where more ezbauative and complete methods of amilysis 
are required than are included in the preceding chapters Tliese 
works have been freely consulted in the compilation of this 
volume, and the author taltes the opportunity of ackno^^ lodging 
his indebtedness The reference volumes may be regarded as 
standard works, and the render camiot do bettei than acquire 
them, if he is desirous of formmg a useful library of analytical 
literature ; — 

“Qualitative ijaaly&is," Fresenius. 

“Quantitative Analysis,” Fresenius. 

“Qualitative and Quantitative Analysis,” Clowes and Cole- 
man (J & A. Churchill). 

“ A Manual of Chemical Analysis , Qualitative and Quantitar 
tivo,” Newth (Longmans 4: Co) 

“Quantitative Chemical Analysis,” Thorpe (Longmans 4; Co ). 

“Volumetric Analysis,” Sutton (J 4; A Churchill) 

“ The Alkali Maker’s Pocket Book,” Lunge & Hurter. 

“ Commercial Orgtmic Analysis,” Allen (J. 4? A Churoliill). 

“ Gas Manufacture and the Assay of Bye-Products,” Butter- 
field (Griffin & Co ) 

“Water Analysis,” Wanklyn (Kegaii, Paul, 4; Co.). 

“The River Irweli and its Tributaries,” Davis Bros., Man- 
chester 

“ Painters’ Oils, Colours, and Varnishes,” Hurst (Griffin 4 Co ). 

“Lubrioatmg Oils, Fats, and Greases,” Hurst (Scott, Green- 
wood, 4; Co ) 

“ Lubricants and Lubrication,” Archbutt & Coleman 

“Fuels. Their Analysis and Valuation,” Phillips (Crosby, 
Lockwood, 4 Son). 
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INDEX. 
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Abel-Poiiftky flaab.-poiiit apparatsua.... 

Abel’s jaa^-point apparatus 

AbRorbecl oxygen m water, estimation of 

Acid, free, in alum 

Acid, liydrooKLorio 

Acid, nitno 

Acid, sulphuric 

Acids, reactions of : — 

Borate .... 

Chloride .... 

Cyanide 

Pluoride 

Nitrate 

Phosphate 

Sulphate 

Sulphide 

Alkalinity in water, eatimaition of . . 

Alum cake 

Alum, estimation of alumina 

Alum, estimation d free acid 

Alum, estimation of insoluble matter.. . . 

Alumina, sulphate of 

Aluminium, reactions of */’*'.* ’* 

Ammonia, albumenoid, in water, estimation of 
Amniomacal liquor in ooal tar, estimation of . . . 
Ammonia oonoeutratei estimation of ammonia 
Ammonia, free, in water, estimation of . . . 

Ammonia in gas liquor 

Ammonia, sulphate of 


Page No 

70 

67 

138 

97 

U4: 

146 

51 


166 

166 

166 

166 

166 

166 

166 

167 

138 

97 

97 

97 

97 

97 

166 

126 

92 

89 

126 

88 

87 


Faragra^ No 

129 

. . 128 
236 
184 
241a 
2411) 
77—83 

281 

277 

279 
282 

278 

280 
276 

. 283 
234 
182—184 
182 
. . 184 
183 
182—184 
. . 268 
... 216 
165 
156 

'. . 216 
163—168 
161—152 
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INDEX 


AmmoDia, teats for 

Pftgo No 
166 

Parflffrapb Not 

276 

Analysis, qualitative 

152 

261 — 292 

Analytical balance 

1*3 

12 

Anthi'aoene in coal tar, estimation of 

92 

167 

Antimony, reactions of 

153 

259 

Apparatus for generation of aulphuiettecl 
hydrogen 

63 

82 

Apparatus for volumetric analysis 

30 

27 

Apparatus, selection of 

10 

ll)“*42 

Appoi^atus, specific gravity 

19 

17 

Apparatus, sundry 

36 

40 

Appai’atus, weighing . 

10 

10 

Archbutt-Deeley water-softemng plant 

134 

, 225 

Arsenic, British Bharmacopoeia teats foi 

151 

249 

Arsenic, detection of 

U7 

240 — 250 

Arsenic in coal and coke, estimation of 

U9 

248 

Arsenic m glycerine, British Phamiacopocia 
test for 

151 

260 

Arsenic in sulphuric acid, detection of 

62 

81 

Arsenic, Marsh’s test for 

U8 

246 

Arsemc, reactiorus of 

164 

. 260 

Ai’senic, Remsch’a test for 

148 

247 

Arsemc, Remsch’s test, modification of 

148 

247a 

Atomic weights, table of 

161 

293 

Available ohlorme, estimation of 

56 

86—87 

B 

Balance, analytical 

13 

12 

Balance, rough 

12 

11 

Balance, use of . . 

16 

14 

Bale’s apparatus for sulphur extraction 

83 

160 

Barium, reactions of ... 

166 

. 269 

Basms, evaporating 

35 

38 

Bath, sand 

28 

26 

Bfeth, water 

26 

22 

Beakers . 

34 

36 

Beeswax, detection of Japan wax, tallow, etc 

146 

2410 

Beeswax, detection of sulphur. . 

146 

2410 

Beeswax, estimation of mineral matter 

145 

241o 

Beeswax, estimation of starch and flour . 

146 

241o 



tNTDBX. 

Beeswax, estimation of water 

JPaga No. 

146 

167 

PaTftginpli No. 

241o 

1 Bilik's burette 

33 

33 

' Bismuth, reactions of 

163 

253 

Bleachmg liquor, estimation of available 

J ohlonne 

67 

37 

( Bleaching powder, estimation of available 

ohlonne 

6G 

86 

Bleaching powder, sampling .. 

54 

85 

Bleaching powder, testing . . 

54 

84 

Bog ore, estimation of hydrated oxide of iron 

144 

241 

Bog ore, moisture m, estimation of. 

144 

240 

Boiler fluids, esthnation of alkalinity. 

146 

242 

1 Brimstone, estimation of ash . . . 

63 

108 

1 Brimstone, estimation of moisture . 

63 

107 

1 Brimstone, estima-tion of sulphur, 

63 

109 

j Bunsen burners . 

27 

24 

Burette, Bink's 

32 

33 

i Burette, Mohr's ... ... 

32 

32 

Burette, the ... 

32 

32 

Burners, Bunsen . . 

27 

24 

Burners, gas ... 

27 

23 

C 

Cadmium, reactions of 

153 

257 

Calcium, reactions of 

155 

271 

Calorific value of fuels 

48 . 

74 

Calorimeter, Dr. Lewis Thompson's 

48 

74 

“Carrod” water-softeoiing plant 

134 , 

225 

Caustic liquor, estimation of available 
alkali .. . • ...... .. t . 

60 

96 

Caustio soda^ estimation of available alkali 

60 

. . 94 

Caustic Boda^ estimation of insoluble 

60 

. 95 

Caustio soda, sampling 

60 

93 

Chemicals and raw materials used in paper 
making 

93 

169—205 

OhemioalB, miscellaneous 

61 

77—127 

Chimney gases, estimation of hydrochloric 
acid 

146 

241d 

^ Chimney gases, estimation of total acidity . 

146 

2416 

China clay, colour, etc 

96 

171 

1 
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Tago No rtiTftgraph No. 


China clay, estimaition of moisture 

95 

iro 

Chma clay, sampling . 

95 

169 

Chlorine m water, estimation of 

124 

214 

Chromium, reactions of 

165 

267 

Coal, calonJBki value of 

48 

74 

Coal, estimation of aah 

44 

71 

Coal, estimation of coke . . 

44 

. 70 

Coal, eatimation of moisture 

43 

69 

Coal, eetimatioii! of sulphur 

46 

92 

Coal, gasification value of 

46 

73 

Coal, samplmg 

43 

68 

Cobalt, reactions of 

164 

263 

Coke, calorific value of 

48 

... 74 

Coke, estimation of ash 

44 

70 

Coke, estimation of moisture 

43 

. 69 

Coke, estimation of sulphur 

46 

72 

Coke, sampling 

43 

68 

Coleman-Archbutt viscometer, the 

77 

137 

Copper, m water, detection of 

128 

222 

Copper, reactions of 

163 

, 266 

Crucible, Rose’s . . . 

34 

34 

D 



Desiccator, the 

17 

16 

E 



Effluents, trade 

136 

226— 237a 

Evaporating basins . , 

35 

. . 38 

F 



Fat, oil, or grease, m textile substances, 



estimation of 

143 

. 239 

Filtering 

36 

.. 43 

Flasks 

34 

36 

Flasks, measuring ... 

30 

28 

Free acid m alum 

97 

184 

Free acid m salt cake, estimation of 

61 

98 

Fud, liquid, calorific value of . . 

49 

76 

Fuel, liquid, flash-point 

49 

76 

Fuel, liquid, specific gravity of 

60 

76a 
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Fuel, liquid, teeting 
Fuels, calonfio value o-f 
Fuels, estimation of ash 
Fuels, estimation of moistui-e 
Fuels, sampling 
Fuels, the testing of . . 

Funnels 

Furnace, muffle 


169 

PaffeNo Paiogi-aph No. 

49 75— 76a 

48 74 

44 70 

43 69 

43 68 

42 67 — 76a 

36 37 

28 26 


Gas burners ... 

Gasification value of coal . . 

Gas liquor, estimation of ammonia 

Gas liquor, estimation of ammonia by direct 

titration 

Goa liquor, estimation of specific gravity 
Gas liquor, free and fixed ammonia lu 
Gas hquor, ounce strength 
Gas residuals and bye-produots 
Gelatine, estimation of ash 
Gelatine, estimation of moisture 
Gelatine, relative strength , 

General reagents 

Gray’s fladi-point apparatus 


158 

153 

167 

156 

llS-^-ldS 

176 
175 

177 
66 

130 


iSordness in trade effluents, estimation of ... 
Hardness in water, estimation of 

Hot-air ovens 

Hydrooblorio acid, detection of iron . , 
Hydrochloric aoid, estimation of sulphuric acid 
Hydrochloric aoid, percentage of HCl. , 
Hydroohlorio acid, speoifio gravity, estimation 

of 

Hydrometer degrees, TwaddeU’s, oonveiraion of 

Hydrometers, Twaddell’s 


2S1_233 

211—213 

21 

241a 

241a 

241a 


Ignition of precipitates 

Indicators 

Indicators, indigo .. 


45 

62—66 

66 
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Pftge No 

rurnffnirh No* 

Indicators, litanus solution 

40 

. 62 

Indicators, methyl-orange 

40 

63 

Indicators, phenolphthalein 

41 

64. 

Ii'on in water, estimation of 

126 

217 

Iron, reactions of 

164 

264. 

L 

Laboratory, balance table 

9 

S 

Laboratory, benches 

8 

4: 

Laboratory, burette table 

9 

7 

Laboratory, fitting up 

7 

1 

Laboratory, gas and water in 

8 

2 

Laboratory, gas bench 

9 

6 

Laboratory, shelves 

8 

3 

Laboratory, sinks 

10 

9 

Laboratory, water benoh . 

9 

5 

Lead, in water, detection of 

128 

221 

Le€ul, reactions of 

162 

253 

Light oils m coal tar, estimation of 

92 

165 

Lame, soluble, m water, estimation of 

127 

219 

Limestone, detection of iron 

66 

12 a 

Limestone, estimation of calcium carbonate 

66 

119 

Limestone, estimation of insoluble matter 

66 

118 

Linseed oil, estimation of speoifio gravity 

80 

UO 

Liquid fuels 

49 

76 — 76a 

M 



Magnesia, soluble, in water, estimation of 

127 

220 

Magnesium, reactions of .. 

166 

272 

Manganese, reactions of 

164 

266 

Measuring fiasks .. 

30 

28 

Mercury, dyad, reactions of . 

163 

254. 

Mercury, monad, reactions of 

162 

262 

Metals, reactions of ... 

162 

231—274. 

Middle oil m coal tar, estimation of 

92 

166 

MisceUaneous chemicals 

61 

77—127 

Miscellaneo-us testing 

143 

238—292 

Mobr^s burette 

32 

32 

Mortars . . 

35 

39 

Muffle furnace 

28 

26 



INDEX 
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N 

NushluuHin^ 

Page No 

Paragraph No' 

128 

. 223 

Newulci* reagent tor 'w ater aualy&ia 

40 

60 

Niokel, reactions of 

lo4 

262 

Nitrate of Rodii, estimation of moisture . 
Nitiale of soda, estimation of insoluble 

G4 

113 

matter ... 

G4 

114 

Nitrate of soda-, estimation of nitrate 

65 

117 

Nitrate of sodii, estimation of sodium ohlonde 

. 04 

115 

Nitrate of soda, estimation of sulphate of soda 

65 

116 

Nitric acid, estiniation of impurities . 

145 

241b 

Nitric acid, estimation of specific gravity 

145 

241b 


0 


Oil, flasli-point, apparatus for, Ahel’s 

67 

128 

Oil, flash-pomt, apparatus for, Abel-Peusky 

70 

129 

Oil, flash-point, apparatus for, Gray’s 

70 

130 

Oil, fiash-po-int, a safe 

73 

132- 

Oil, flash-point of 

67 

128—132 

Oil, flasli-point test, simple 

72 

131 

Oil. linseed, estimation of specific gravity 

80 

1*40 


Oil, liiiaeod, detection of adulteration iritli 

mineral oils 

Oil, linseed, flaali-point of ... 

Oils, estunntion ot specoiio gravity of 
Oils for paint making . 

Oils, lubncating, oompanson of samples . 

Oil testing 

Oil, viscosity of . . 

Oil, viscosity of, by pipette method 

Oil, viscosity of, method of expresaang results 

Ovens, hobair 

Ovens, water* 


80 

80 

79 

79 

79 

67 

73 

73 

76 

26 

23 


142 

141 

137a 

139 

138 

128—144 

133—137 

133 

136 

21 

20 


P 

Paijer, estimation of ash ‘•*8 

Paper, estimation of moisture in 98 

Paper making, ohemioals and raw materials 

used 111 ••• • 

Paper, mechanical wood pulp in, detection of 98 


187 

188 

169—206 

190 
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Paper, physical testing of 
Paper testmg 

Pearl hardening, estimation of total moisture 
[Paragraph 186 should read, “ heat in the 
Pearl hardening, comparison of colour 
Pipettes, bulb 
Pipettes, scale 
Pipette, the 
Pipette, use of 

Pitch m coal tar, estimation of 
Platinum^vessels, precautions to be obserred 
in using . 

Potash, chlorate of, estimation of chloride 
Potash, chloride of, estimation of moisture 
Potash, chloride of, estimation of total 

chloride . 

Potash, sulphate of, estimation of free acid . . 
Potash, sulphate of, detection of iron 
Potash, sulphate of, estimation of insoluble 

matter ... . 

Potash, sulphate of, estimation of potassium 
chloride 

Potassium, reactions of . 

Precipitates, ignition of 
Prussian blue m spent oxide. 

Pulp, wood, samplmg and testing. (See 
"Wood pulp.”) ... ... 

Pyntes, burnt, estimation of copper 
Pyntes, burnt, estimation of moisture 
Pyrites, burnt, estimation of sulphur . 
Pyntes, estimation of copper . . 

Pyrites, estimation of moisture 
Pyntes, estimation of sulphur . 

Q 

Qualitative analysis ... 

Qualitative analysis, borax bead te&ts 
Qualitative analysis, charcoal tost 
Qualitative analysis, dame test . . 

Qualitative analysis, tables for 


Page Ku 

Pftrmjrftpli No. 

98 

. 189 

98 

187—190 

97 

185 

! hot-au 


97 . 

186 

30 

•29 

31 

30 

30 

29 

32 

31 

92 

. . . 168 

3G 

. -14 

66 

. 127 

66 

121 

66 . 

. 122 

66 

123 

66 

126 

66 . 

. 123 

66 

121 

165 

. 273 

36 

16 

90 

. 159 

98 

191—203 

60 

01 

60 

92 

60 

90 

50 

89 

59 

88a 

58 

88 

151 

261—292 

ICl 

. 291 

161 

292 

161 

290 

157 

281— 289 



INDEX 


173 

Page No Faragmpli No 


B 

Baw luiderialH, necessity for testing 

1 


lloactioiia of the acida 

156 

276— 28J 

Koiu'tioim of the mettals . 

162 

2B1— 274 

j^neral 

41 

66 

Kooovered soda, eBtimiition of available alkali 

96 

174 

ll(Kl\vond’s viBOometev . . . 

74 

134—136 

lUddoll Hltor 

130 

224 

lioao's crucible 

34 

34 

s 

Suit cake, ostiiuation of free sulpliurio acid 

61 

98 

Salt cako, estimation of insoluble matter 

61 

99 

Salt oolto, deteotion of iron. .. 

61 

100 

Salt cako, estimation of sodium olilonde 

61 

97 

Salt eako, estimation of total sodium sulphate 

61 

101 

Salt, estimation of insoluble matter . . 

64 

111 

Salt, estimation of moisture. . . . 

64 

no 

Salt, estimation of sodium chloride 

64 

112 

Sand batli 

28 

25 

Selenium, tost for 

164 

261 

Silica in water, estimation of 

127 

218 

Silver, reaotions of 

162 

261 

Soap, estimation of free alkali. . . 

147 

245 

Soap, estimation of unsaponified fat 

146 

244 

Soap, estimation of water ... .. . 

146 

243 

Soda adi, estimation of available alkali 

63 

106 

Soda ash, estimation of insoluble matter 

62 

106 

Soda asli, somplmg 

62 

104 

Soda^ caustic • 

60 

. 93—96 

Soda crystals, estimation of available alkali 

62 

103 

Soda crystals, estimation of insoluble matter 

62 

'. 102 

Soda, recovered, estimation of available alkah 

96 

174 

Sodium nitrate. (See nitrate of soda ) . 

64 

113—117 

Sodium, test for 

166 

274 

Solutions, standard 

37 

46 

Specific gravity apparatus 

19 

IT 

Specific gravity balance, Westphal 

20 

18 

Speoiflo gravity bottle 

22 

19 


82 

145 

% 


r 

? H 1 1 
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Pftg^ No. 

Famgrapb. No. 

Spent oxide, estimation of moisture 

83 

147 

Spent oxide, estimation of Prussian blue 

00 

139 

Spent oxide, estimation of sulphur 

83 

160 

Spent oxide, sampling 

82 

146 

Standard solutions 

37 

46 

Amnaomum chloride solution, for 



Neaslerismg . , 

30 

66 

Arsenioua acid solution, for available 



chlonne 

39 

63 

Calcium clilonde solutions, for hardness 



in T\’aters 

40 

69 

Caustic alkali, noimal 

39 

61 

Hydrochloric acid, normal 

38 

49 

Iron solution 

40 

61 

Nitric acid, nonnal 

39 

60 

Oxalic acid, normal 

39 

64 

Potassium pennanganate, alkaline, for 



water analysis 

39 

67 

Potassium peimanganate, deci-normal 

39 

62 

Soap solution 

39 

68 

Silver mtrate, deoi-normal 

39 

66 

Sodium carbonate, nonnal 

38 

47 

Sulphuric acid, nonnal 

38 

48 

Starch, estimation of ash 

96 

179 

Starch, estimation of insoluble matter 

or 

181 

Starch, estimation of moisture 

96 

178 

Starch, relative strength 

97 

180 

Strontium, reactions of 

llo 

270 

Sulphate of alumma 

07 

]S2— 184 

Sulphate of ammonia, estimation of ammonia 

87 

132 

Sulphate of ammonia, estimation of moisture 

87 

161 

Sulphuretted hydi’Ogeii appoi'atus 

.■>3 

82 

Sulphuric acid 

r>i 

78 

Sulphuric acid, detection of arsenic 

32 

81 

Sulphmic acid, detection of iron 

32 

80 

Sulphuric acid, detection of lead 

32 

79 

Sulphuric acid, detection of nitrous acid 

33 

83 

Sulphunc acid, leal sulphuric acid in 

31 

78 

Sulphuric acid, specific gi’avity of 

31 

77 

Sulphur in coal, estimation of 

46 

72 
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* Puffe No Parngrapli No 

Sulpliui’ ill coko, Mtimation of IS 72 


Suli^bm' in spent oxide 

83 

148—160 

Sulphur (See brimstone ) 

63 

107—109 

Sundiy apparatus. 

36 

40 

T 

Tar, estimation of animoniacal liqiioi 

92 

165 

Tar, estimation of anthracene . 

92 

167 

Tai‘, eRtimatioii of light oils 

92 

166 

Tar, e-stimation of middle oils 

92 

166 

Tai‘, estimation of pitch 

92 

168 

Tni’, examination of 

91 

164 

Temperatures, conversion of 

163 

296 

Testing of fuels. 

Textile substances, estimation of fat, oil, or 

4:2 

67— 76a 

grease .. . ... 

1J:3 

239 

Textile substances, estimation of moistme 

U3 

238 

Tliermometers 

35 

41 

Tliompson’s calorimeter 

:t8 

74 

Tin, reactions of 

153 

268 

Trade effluents .. 

135 

226— 237a 

Trade effluents, estimation of absorbed oxygen 

ns 

235 

Trade effluents, estimation of alkalinity 

138 

234 

Trade effluents, estimation of organic matter 
Trade effluents, estimation of peimnuent 

138 

230 

hai’dness . 

138 

232 

Trade effluents, estimation of solids in solution 
Ti’ade effluents, estimation of suspended 

138 

229 

matter 

137 

227 

Trade effluent-s, estimation of total hardness 

137 

231 

Trade effluents, estimation of total solids 

137 

228 

Trade effluents, official report on .. 

141 

237 

Trade effluents, purification erf.. 

142 

237a 

Trade effluents, samjrfing 

137 

226 

Trade effluents, testing against mer inspectors 

139 

236 

Turpentine, flash-point of . 

81 

144 

Turpentine, speoifio gravity of 

8 

143 

Twaddell’s hydrometer degrees, convei’sion of 

163 

294 

Twaddeirs hy^-pmeterB . . . 

19 

17 
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Fogf^Ko Paragraph Koi 


V 


ViBCometei, Coleman-Ai'clibutt, the . 

77 


137 

Yiscometer, Redwood's 

74 

134- 

-136 

Yiacomet-ei, the 

74 

134- 

-137 

Yolumetnc analysis, appai*atus for 

30 


27 

W 




Wash bottle 

35 


42 

Washing soda 

62 

102- 

-103 

Water analysis 

117 

206- 

-223 ' 

Water analysis — 




Alkaline permanganate solution for 

39 


67 

Alkalinity, estimation of 

138 


234 

Ammoma-free water 

118 


206 

Calcium chloride, solution for . 

40 


69 

Copper, detection of 

128 


222 

Estimation of absorbed oxygen 

138 


236 

Estimation of albumenoid ammonia 

126 . 


216 

Eatopiation of chlorme .. , 

124 


214 

Estimation of dissolved solids 

122 


209 

Estimation of free ammoma 

126 


216 

Eistimation of permanent hardness 

123 


212/ 

Estimation of suspended maftter 

121 

, , 


Estimation of temporary hardness 

124 


213 

Estimation of total hardness 

122 


211 

Estimation of total solids 

121 

V 

207 

Iron in solution, estimation of 

126 


217 

Lead, detection of ... 

128 


221 

Loss on ignition, estimation of . . 

122 


210 

Nessleriaing .. .... 

128 


223 

Nessler reagent for ... 

40 

, , 

60 

Silica, e&timationi of . 

127 


218 

Soap solution for , . 

39 

. 

58 

Soluble lime, estimation of 

127 


21 % 

Soluble magnesia, estimation of 

128 


220 

Standai’d ammonium chloride solution for 




Nesslerismg ... 

39 


66 

Standard iron solution for 

40 


61 

Water bath 

26 


22 

Water ovens 

23 


20 



l^DBX 
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Water purification and filtration 

Uivgo Nu 

130 

Pfti 4iffmpli No. 

224 

Water softening 

133 

226 

Water-softeinng plant, Archbutt-Deeley system 

133 

225 

Waler-softemng plant, “ CaiTod ’ syatein 

133 

226 

Weighing apparatus 

10 

10 

Wciglimg, (Jirectioiis for 

17 

16 

Weights . 

14 

13 

Weights and measiiro=?, eoiiipansou of 

JG3 

296 

Wistplial specific gravity balance 

20 

18 

Wood pulp — 

Drying ovenn . . . 

I OS) 

197— :i()0 

Mechanical, in paper, detection of . 

08 

190 

Sampling and testing of 

08 

191—206 

Testing, lur-dry pulp in parcel . .. 

114 

203 

Calculation of results . . . 

114 

202 

Damaged bales ... 

100 

193 

General rules for sampling and 

testing . . 

116 

206 

Method of sainpliiig 

lOG 

, 196 

Oven, air 

110 

199 . 

Oven ill which sample is weighed m 

diying chamber . » 

111 

.. 200 

Oven, water 

109 

198 

Percentage of bales to be sampled 

99 . 

... 192 

Selection of bulea 

lOr) 

194 

Uniformity in sampling and testing 

114 

204 

Use of the deesicator 

113 

.. 201 

Weighing bales 

106 

196 

Works of reference 

164 . 

.. 297 

Z 

Zinc, reactions of . . 

164 . 

.. .. 266 
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Practiui Experts a Research Chemists, 



PUBLISHERS OF 


STANDARD TECHNICAL WORKS . 
PRACTICAL TRADE HAND-ROOKS . 

AND 

MANUFACTURERy RECIPE ROOKS 

FOR THE ALLIED TRADES. 
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LATEST UP-TO-DATE 

INVENTIONS, -m 
m- PRACTICAL RECIPES, 

TRADE SECRETS, 

IMPROVED PROCESSES, 

NEW METHODS. 

AND SPECIALITIES IN THE ALLIED TBADES. 



qvainED 
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ADVEBTIBBUItKT. 


a 

Oonsiilbations by Experbs upon all matters connected witU the pU, 
Paint, Colour, VaTnlsh, Grease, Soap, and Allied Trades. 


Problems worked oat. N ew Processes and Inye AigSitions 
Condncted, and Large or Small Batches of Material 
Manufactured, Tested, Examined and Reported upon. 

PATENTS SEARCHED. EXPERT lOPINIONS AND ADVICE 


ANY SAMPLES MATCHED AND WORKINO BEOIPEB 
SUPPLIED. IDEAS PEBPECTED POB PATENTS. 

Full Instructions to the Trades by Correspondence 
or otherwise. 

Trade Analysis and all Laboratory Work undertaken Singly or by 
Contract, by Bffiolent Staff ot Engllali and Foreign Practical 
Bsperts, Ohemiets, Analysts, and Specialists with 
silgheat Qualifications. 


BOrsUS Ain» BBUBBS’ TESTS OF UATEKMLS. 


Analytical Certificates, and full Reports for Publication^ 
Manufacturers practically initiated. Original Designs 
in Labels and Trade Marks for Registration. 

Descnptive Oiiculars and Pamphlets written for SpeoialltieB. 

Puli infamoHvn of Trad* Outtomt, Term, ShipmeiUt for all Countria, 
Priceif MarhtUi Packages, 

We haTo Excepfaional FaoilitieB and Eeaouroefi for itiipplyuig tbe lateftb 
Bogluh, Oontinental, and Amerioan Up-to-date Beoipeii, Improved Proodasea, 
New Hethoda, Patente, Inveutioiu, Trade Seoreta, Speolalitiea and Improve- 
meats connected with the Alhed Tradea, by our Agents in all ihe prinoipal 
MuLufaoturing Oentrea thronghout the World. 


LATEST IMPROVED RECIPES FOR MANUFACTURING 

OILMEN, QR0GER8’ CHEMISTS/ & DRY8 ALTERS' 
SUNDRIES. 

AUO TO KATOB F&OFBIBTABT ABTIOIEB Am) 8PS0IAUTIES. 

FULL SATISFACTION GUARANTEED. 

“ALWAYS UP-TO-DATE.” WE LEAD IN ALL BRANCHES. 

« 


I 




4 


ADVERTISBMBIVT. 


Special aimtagementB made for sending Skilled Workmen to any part of 
the World to demonstrate any Eeoipe if desired, or for temporary 
or permanent engagements* 

Any Ohemioals and Materials supplied at lowest possible prices i 
Haohineiy and Plant, Eew and Second-Hand, pordiased, tested, and 
sent to any part. 


Plans and Estimatea for entire Erection of Manufactories 
and equipment of Plant on latest improved Soientiho principles by 
‘ i thoronghly experienced Ohemioal Engineers. 

\/l/or'h8 Inspeoted and Aduised by Contract or otherwisCn 

PUNT DESIfiNSD FOR CHEMICAL OPERATIONS; 


New Oheapened Substitutes ajid Speoialities for Manu- 
facturing Materials and Products extensively used by the 
Allied Trades. 

Latest Imp}*oved English and Foreign Methods for Utilization 
and working up of Refuse^ Waste^ and Bye-Froducis, 


PATENTS We are continually adding to our Lists, and intro- 
ducing the Latest TJp-to-Bate Inventions, Eeoipes, Specialities, 
Improved Methods, Manufactures, dec., connected with the l^ades, and 
protected by Eoyal Letters Patent ; also acquiring the Sole Eights and 
Idcenses for the Latest Oontinental, Oolonial, and American Patents, 
fqr which the perpetual and unlimited rights to maiLufacture, or rights 
restnoted to duration in Localities, Districts, or Oountries can be granted 
either for Cash Payments, or Eoyalty on quantity manufactured. — Bple 
Eights for manufaotnring by any of our own Hew Eeoipes, Inventions, 
Improved Methods, and Speoialities can also be granted, and Patents 
^ taken out in purohaaeris name if desired. 


ENQUIRIES AND CORRESPONDENCE SOLICITED. 


HIGHEST TESTIMONIALS 

Frond the Leading- Firms ‘throiigli<iiit th^ World. 







ADVEETIflEMENT. 
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Latest improved English, Continental and Atnerican 
Up-to-date Recipes for Manufacturing all Oilmen’s, 
Grocers’, Smallware Merchants’, Stores, Chemists’ 
and Drysalters’ Sundries and Household Articles 
for the Million, as worked from by the leading 
Home and Foreign firms, including Prize and 
Gold Medal Brands, and equal to the High Class 
qualities and largely Advertised Specialities. 


ANY SAMPLES MATCHED 

AND 

W0RKIN6 RECIPES SUPPLIED. 


Complete Plants Contracted for and erected, for the 
Manufacture of Starches, Speciality like Mack’s Double 
Starch, &o», Dry Soaps, and Soap Powders, Bluest Black- 
leads, &;c., &o., on most Modem Prinoiples and oomplete 
demonstration by latest Processes. 


Manufacturers thoroughly Initiated and fullest inform- 
ation for Best and Cheapest Markets for all Materials, 
Ingredients* Chemicals, Bottles,*, Boxes, Wrappers* 
Packings* and all Trade Customs* &o., &o. 


Successful Manufacture and, Full Satisfaction 
Guaranteed. 



0 MiMJprUKMEM’ 


LATEST UP-TO-DATE RECIPES. 

New superior Dye Soapi (Washable), Fast Colours (all shades),, 
no Aniline Colours, New Cold-procesfe Disinfectant Fluids and 
Sheep Dips, superior to any lu the miirk^t* New, Cheap Putty,! 
cost 268 and ton, warranted to keep soft New process for 
Deodorizing, Bleaching, and Kefining Brown Bone, Skin, and‘ 
Horse Greases, making same perfectly white like tallow»i 
Speciality, Pure Vegetable Boiler Fluid, costa 2d per gallon, 
sells at 3s per gallon Never known to fail for any watets. 
New Artificial Beeswax, costs 2d lb New Enamels for Imdta-) 
tion Glazed Bricks, like solid glass, cost Is 4:d gallon, cold 
process Absolutely Odoui'less Petroleum Smokeless and 
odourless Paraffin and all Bui’ning Oils Elastic Hot Neck 
Grease for red-hot bars New ^lidified Greases, MLP 120® 
Fahr. to 226® Fahr New’ Anhydrous Solidified Oils, M.P 
120® Fahr. to 186® Fahr. Hardening Tallows, 160° Fahr 

New Washable Distemper Sanitary Paints and Paper Stains 
(Waterproof), all colours, cost 6 b. per cwt , no Lime, etc i Ni^w 
Amencan Anti-foulmg Paints foi all Waters Petrifying Liquids, 
6d. gallon Cheap Soaps, 134 to 142 Fukms fi’om 1 Ton 
Oil New Heavy Soft Soap Fillings, 20 to 36 per cent , improves 
the transparency New Soft Soaps like “ ^vonal '' (Pui’e Oil 
and Potash), cost £7 per ton New Dry Soaps, Musk Paraffins, 
Ammoiiia, Carbolic, etc Specially cheap Artificial Musk New 
Soap Extract 26 per cent , superior to any other. Cheap Polish- 
ing Soaps, etc New Substitutes for Linseed Oil m several shades 
and qualities, cost from £6 ton Cheap Oil Substitutes for 
Putty, etc., no Resm or Resin Oil. Substitute for Lard Oil. 
New methods for Bleaching, Refining, Sweetening, Deodonznag, 
etc , all kinds of bad, stale, damaged, and rancid Oils, Fats, and 
Greases. Utilisation of Wastes and Bi-products. Extraction of 
Greases from Refuse, and treating same for Soap Makers, 

New Pi’ocess for Thickening Oils in four to six hours Cheap 
Railway and Wagon Greases, cost £2 per ton. Substitutes for 
German Solidified Greases like “ Vaseline,” cost 6s 9dL per cwt. 
Substitute for Neatafoot Oils (Pale or Dark), cost Is. per gallon. 
Jet Black Harness Oil, cost Is. per gallon (no Mineral Oil) New 
Liquid Starch Glazes, Liquid Blues, Blackleads. Stove Polishes 
hke "Zebra,” “Rising Sun,'’ "Enamelme,” etc. Disinfecting 
Flmdslike "Jeyes,” “Samtas/' ' Pinol,” etc Cloudy Ammonia, 
4^d gallon Eiicalyi>tus Fluid, cost 2d gallon New Blackmgs 
and Brown Paste Polishes Metal Polish like " Matcliless,” 
“Globe,” “Putz,” etc New Improved Sheep Dips, Liquid Gold 
(washable), perfectly dissolved like Ardeubrite, American Liquid 
Wood Fillers Special Anti-fouLmg Compositions for Steel, Iron, 
and Wood Ships, unequalled for all climates. 

[Any samples mafehed. Latest Improzements, Highest Testi- 
monials from Leading Firms throughout the World'l, 

WRITE FOR NEW LISTS. 
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NEW RECIPES, INTENTIONS, END SPECIALITIES 

For Engineers, Machinists, and Users of Steam 
Power. 

New Speciality Pure Vegetable Boiler Fluid. Coat to manu- 
facture IS only about 2d per gallon, sells at 3s. per gallon; for 
removing and preventing Incrustation in Steam Boilers of eveiy 
■description. Composed entn*ely of Pure Vegetable Substances, 
which do not act upon Iron or other Metals. Guaranteed to be 
free from nil acids This Boilei Fluid dissolves aU scale nnd 
deposits it in the bottom of the boiler in the form of a fine soft 
mud, and has removed scale 2 m, in thickness It has been sub- 
mitted to the most severe tests, and practically used by the 
leading Railway and Steamship Compnnies and the largest English 
and Foreign Manufacturers using Steam Boilers, etc , and has 
never been known to foal with' any waters. It does not cause 
priming, and is perfectly non-injuriouR to Boiler Plates, Mount- 
ings, etc Tlie most effectual luid perfect Boiler Fluid ever 
invented for nil kinds of Stationary, Locomotive, or Mhriue 
Boilers, 6tc , etc 

Speciality Boiler Fluid, for all Household Boilers where a cn*cu- 
lation of liot water is set up, also wliere water is used for lipfc 
baths, washing, etc New Boiler Scale Vegetable Fluids 

New Speciality Boiler Composition, Extraordinary Strength. 
Has stood the most severe tests for 2*5 years, superior to the 
lai'gely-adveitiBed bi'aiida, free from all injui'ious ingredients. 
Will soften and remove scale (however tliick), thus preventing 
necessity of chipping, sd often injurious to Boilers. Numerous 
Testimonials 

Am^^cau Boiler Fluids and Compounds, preventing Incrus- 
tation, etc. 

“ Cambrian ’’ Boiler Compound. 

Dilnutt’s Aiiti-Corrosive Boiler Preparation, free from all 
acids. Does not affect the water or steam in any way, and can 
be used for all purposes. It has been vigorously tested and used 
by the leading steam-power users throughout the country, and 
universally admitted to be the Most Effectual Preparation for 
its purpose ; also adapted for either Stationary, Locomotive, or 
Marine Boilers, 

Directions for Use — I pint per horse power once a week. 
'Mkde in thi*6e»Btr6];^thB''and«q[XKkKtiea,v Nob. 1 , 2, and 3. Cbsts 
few pence per gallon, and sells at 4s. per gallon. 

Fossil Meal Oompo Covering. Coats £6 per ton. 

Latest Eoglisb, CoBtinfutal, and American Bedpes. 


i 






'8 Hanufaeturing ean be eommenced at once from our Recipes. 


Asbestos Covering. Costs £i per ton# 

Speciality Crown” Covering. Costs £1 pei ton. 

Special Tannic Compos^ Powders, or Liquids. Presei-vea plates 
and prevents incrustation, causes precipitation of tlie salts in 
the water in form of soft mud, winch can be easily washed out, 
and prevents hard scale in boilers. 

New Continental and American Boiler Purges and Anti-* 
Crustators, for all kind of boiler or wateis. 

Latest Improved Processes for Tannate of Soda, foi px event- 
ing and removing mcrustation and corrosion of Portable, Loco- 
motive, Marme, or any kuid of Steam Boileis. 

Anti-Petnfj^g Mntui-e, for Incrustation of Boilers, etc 
Latest Improved English and Foreign Engme Packings 
Special Black Insulating Mistm-e for outside of Mectnc Cables, 
‘ Insulating Mixture for Covering Electric Tapes 

Latest Inventions and Specialities m Belting Creams, Syiups, 
Dressmgs, etc , New Soluble Disinfectant Beltmg Syrup. 

Preservatives for all kinds of Beltmgs — ^Hair, Rubber, Lmjk, 
Cotton, or any kmd — ^for working m or out of doors, or m water 
Will stand any climate, preventmg slipping, giving more speed 
and splendid giipping powei It penetrates the leather, tightens 
slack belts, waterproofs the leather, and will not crack. 

New “ Sensitive ” Pamt, changes from yellow to dark red at 
120®Fahr, for painting Bearings, Boilers, Machmery, Hot-water 
Pipes, Electric Installations, etc ; retiuras to yellow colour, on 
cooling. 


HOUSEHOLD SOAPS. 

Latest Improved Recipes, New Processes, and 
Specialities. 

I 

Household, Mottled, and Grained Soaps m all kinds and 
quoIitieB 

Special Pale Yellow Bar Soaps Fine quality, double extia, 
etc Imperial Gold Pale, Best"' Pale, First ]^tra Pale, Best Wax 
Pale, Prune Extra Pale, 2nd Pale, Geniune TaUow Double Extra^ 
Primrose, Pale 2nd and 3rd Qualities, etc. Special X, XX^ aUd 
XXX Yellow Bor, etc, etc. New Household Soaps by latest 
English and Foreign Methods Speciality Soaps for Export 
all dunateB, etc. 

Fireproof Household Soaps, rendering all fabrics washed with 

Our Recipes are equal to the largelji^adyertised Specialities. 






Our Reeipes enable M’f rs. to cheapen and substitute materialsi; 9 


same nc>n-mflainmobl© and absolutely fireproof, and at same time 
cheapemng the Soap. i ' i 

Fm© Pale and iltamrose Soaps, Extra Pale Crown Soaps. 
Special Cfurd and Mottled Soaps, Imperial, Extra, etc., etc. 
New Pale Household Soaps, etc., etc. 

Speciality Soaps like ‘‘Sunlight,” “Titan,” “Ivy,” “Sun,” 
“Aurora,” “Lightning deanser,” “Sunbeam,” “Watson’s,” 
“Lawson’s,” “Matchless Cleanser,” etc., etc. 

Special Cotton Oil Soaps. 

Cheap Bar Soaps, costing from about £o per ton 

New Cleaners and Speciality Soaps, as largely advertised 

Special White Soaps for Laundries 

Superior Washing and Cleanamg Fluids, Compounds, etc. 

New Quick Process for Soap Making, no boiling 

Latest Methods for making Soaps by Cold Process. ^ 

Latest Methods for Lye, to give fine ^oss to Surface of Soaps. 

New Fillings and Cheapeners for large yields of Soaps. 

Carpet Soaps 

Carnage, Saddle, and Leather Soaps. 

Amencan Harness Grease, Oil Soaps, softens and preserves. 
Best Compo for Harness, giving Jet Block Lustre; also for 
Brown Leathers, etc. (Waterproof), 

Sanitary Soapsi (Carbolic, Creosote, Ammonia, etc ) 

Special Liquid Sanitary Soap. 

Fme Disinfectant and Antiseptic Soaps (Special Olieap 
Qualities). ^ 

New Marino Soaps, special olieap qualities. White, etc. 

Dye Soaps, like “ Maypole,” “ llambow,” etc , all Shades^ and 
Colours. 

New Dye So.ip (all Colouis), Simple process, no Anilines. 
Bone and Wax ^aps. 

Resin Soaps. Special Qualities up to 50 per cent, of Resin 
Castilo and Marseilles Soaps. Fnotionnl and Hydrated Sc^p^. 
Cheap Soaps from Wastes and Refuse. ' 

Cheapened Oils and Fats fot Soap Makers. 

Speciality new suiiple process for reoGvering Glycerine from 
Spent Soap lye. No extra plant required. 

Pure Glycerine and Recovered Glycerines by latest Processes. 
New Special Method for Treating all kinds o-f Wastes and 
Refuse Greases for Soap Makers, enabling good quality Soaps 
to be made at about half the usual cost. ' 

New Cheap Mlaterial for Soap Makers, equal to Best Pure 
White Tallow. 

New Process for Bleaching Dark “ Nigre.” 

New Process for Bleaching Cotton Seed Mucilage for making 
cheap Soaps, equal to Best in the Market. > ' 

M^nufaeturii^ can conipette In any market &om our Reelpe^ 
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'10 Our Beeipes enable M’f'rs. to economise and increase business. 


POLISHIIiC SOAPS IH ALL KINDS AND QDALITIES. 

Sand Soaps — Silver Soaps. 

Special Soaps like “ Sapolio/' Monkey Brand,” etc. 

New Qieap Polishing Tablets for Jewellery, Metals, etc. 
Special Silver Soap 


MANUFACTURERS’ SOAPS. 


IiL all kinds and (Qualities and for all purposes. 
Latest Recipes, Improved Methods, and Specialities. 


Milbng and Fulling Soajjs. 

Fireproof Manufacturers' Soaps, rendering all fabrics non- 
inflnanmable and absolutely Fireproof, and at same tune 
ojieapenmg the Soap. 

Speciality Soaps for Silks and printed Goods 
Speciality Soaps and Detei gents for Calico Printers. 

Sizing Soaps (Hard and Sof^ for Cotton Manufacturers. 

, Softening Soaps for Cotton Manufacturers. 

Cop Bottom ^ap for Cotton Manufacturers and Spinners. 
Bleachers’ Scouring Soaps and Bleaching Soaps for all purposes 
[ Warp Fiuishing Soap 

Pure AVhite 03 Soaps for Silks and Woollen^ 

New Wool Washing Soaps and Liqmds 
Pure Potash Wool Scouring Soaps 

New Washing and Soourmg Liquids for Woollens, Silks, 
Linens, etc. No rubbing 

Speciality Dry Soap Powder for Wool Scourers, etc. 

Speciality Soaps for Dyers, Tanners, and Paper Makers 
Manufacturers' Hard Scouring Soaps from Oil Foots, York- 
shire Grease, etc Sixty to 66 per cent. Fatty Acid. 

Manufacturers' Pure CHI Soaps and Neutral Hard Soaps, 
Special Manufacturers' Scounng Soaps. 

. Cheap Washing and Scouring Fluids for all Manufacturing 
Purposes. 

Latest Cold Process Manufacturers' Soaps. 

Special Moist Curd Soap for Silk Dyers, etc. 

Benzine Soaps for Dyers and Cleaners 
Special Naphtha Soft Soaps for Cleanii^ Delicate Fabrics, 
Bflks, Colours, etc. 

^emal qualities suitable ibr mf laarket & jbr aU Trade })urpeses. 



Latest English, Continental, and American Improvements. H 


Speciality White Soft Soap for Dyors. 

Bleaching Liquids for all purposes. 

Speciality Condenser Detergents for Cleaning Marine Con- 
denser Tubes, etc 


DRY SOAPS, EXTRACTS, AND POWDERS. 

New Recipes, Improved Processes, and Specialities. 

Dry Soaps and Extracts in all kinds and qualities, equal tt) 
the largely-advertised Brands costing from 3 b. 6d per c^vt. 

Fireproof Dry Soaps and Extracts, rendering all fabrics noil- 
inflammable and absolutely fireproof. 

Special Dry Soap, 25 per cent superior to any in the Market. 
New Dry Soaps, Musk, Paraffin, Carbolic, Ammonia, etc., etc. 
Speciality Musk Parafl^ Dry Soaps, like “ Moulton’s ” 

New Cheap Artificial Musk (perfection) ; also- Artificial Otto 
of Poses 

Speciality Perfumes for Dry Soaps and Extracts 
New Improved Dry Soaps and Extracts for Laundries. 
American Concentrated Soap Eixtract for Laundries 
New American Dry Cleaning Preparation No water used, 
like “Marvello” Compound. 

Speciality Amenoaii Dry Soaps, like Babbitt’s ” 

Special Self-oleansing Dry Soap 
New Improved Oleine Dry Soap. 

Hygienic Dry Soap. High Glaze for Calico Printers and 
Finishers. Speciality Dry Soaps, like “ Hydroleine,” for 
liaundries, Wool, Hosiery, and Leather Trades; also for Dyers, 
Fumers, Carpet Gleaners, Silk and Lace Washers, etc. Softens 
the hardest water, and con be used with sea water. Will not 
injure the finest fabrics and most delicate colours. Splendid 
disinfectant, and will wash clothes without rubbing; no injurious 
chemicals, only absolutely harmless ingredients. No Common 
Soda Base. Washes linen with snowy whiteness, A universal 
cleansing preparation. 


SOFT SOAPS, 

Latest Improved Recipes, New Processes, and 
Specialities.', 

Latest English, Scotch, Oontinentol, and American methods 
for making all kinds and qualities of Soft Soaps for all purposes. 

Hsnuftieturiiig can be stjoaoe Inm oar Bedp^s. 
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New Processes, latest Methods and Speeialities. 


Figged Soaps, Sanitary Soft Soaps, Caibolio Ammonia, New 
Household and Manufacturers’ Soft Soaps, all kinds and qualities, 
etc., etc. 

Naphtha Soft Soap. 

. Soft Soaps, no boiling (Speciality;. 

New Whit© Semi-soft Soap for Laundries and Manufacturers. 
Superior to any Dry Soap or Extiact, and perfect disinfectant 
Medicinal and Borax Soft Soaps 
Cheap Common Soft Soaps for all purposes. 

New Improved Heavy Fillings for Soft Soaps 
Genuine Transparent Soft Soap 134, 136, 142 firkins from 
one ton oil. Warranted to keep 

New Linseed Oil Soft Soap, coat £8 to £8 10s. per ton. 
Speciality Soft Scouring Soaps for Manufactui’ei’s. 

Special Odourless Soft Soaps, for manufacturers’ and scour- 
ing purposes, wool combers, sik and lace washers, etc Pure 
vegetable oils and potash Costing from £7 per ton, like 
“Savonal,” etc. 

Benzme Soft Soaps, and Liquid Soft Soaps, for dyers, 
cleaners, etc. 

Speciahty Soft Soaps for Toilet and Domestic Purposes 
New quick piocess for making Transparent Odourless Soft 
Soaps. 

High-class Soft Soaps for all purposes. 

New Green Odourless Soft Soap, no colouring matter 
New Resin Soft Soaps. 

New Soft Soap Fillmga, 20 to 35 per cent can he added, 
greatly improving the transparency of the soap 
Cheapened Oils, etc , for Soft Soap Makers 
Fireproof Soft Soaps, rendenng all fabrics non-inflammable 
and absolutely fireproof, and at the same time cheapemng the 
soap. 

New Cheap, Quick Methods for making Improved Spft Soaps 
^ 1 J to 2 hours 

New Speciality Soft Soaps 3J tons of fiiat-class so^p from 
one ton of oil 

New Soft Soaps, made from Speciality Dry Soap 
Pure Linseed Oil Soft Soaps 130 firkins from one ton of oil. 
Cheap Pure Linseed Oil Soft Soaps, warranted firm and clear. 
Cost £6 10s per ton 

Pure White Speciality Soft Soaps. 

Now Cheap Soft Soaps, made from Wastes, Refuse, etc 
Speciality Soft Sotips foi* Temperate, Hot, ajad Cold Qimates. 
New Tramsparent Soft Soaps by unproved processes. 
Speciality Ammonia Semi-soft Soap. 

Phre Whit© Soft Soap for Dyers. 

The leading {Standard BFandsare m^nuf^etured fnojoi our ^eipes.^ 
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Special Naphtha Soft Soap for Cleaumg delicate Fabrics, 
Silks, Oolours, etc 

New Soft Soapa hj Cold Process. 

American White Figged Soft Soap. 

Special Green Soft Soaps, Nos. 1 and 2 
Hempseed or Imitation Olive Oil Soft Soap 
Speoiahty Odourless Soft Soaps (large yields) 

'&mitaiy Soft Soaps in all kinds and qualities 
Latest Improved Recipes for making all kinds of English and 
Foreign Household and Manufacturers^ Soaps, New Soap Powders 
and Extracts, Washing Liquids, Laundiy Specialities, New Soft 
Soaps (large yields). Latest Toilet Soaps and High-closs Special!* 
ties Guaranteed same os worked from by the leading firms, 
and supplied to the various Governments and largest Con- 
tractors, includmg Prize and Gold Medal Brands, etc , and equal 
and superior to the largely-advertised specialities Any Samples 
matched and Working Recipes supplied. 


DISINFECTANTS, SHEEP DIPS, WEED KILIEBS, &C. 

New Recipes, Inventions, and Latest Specialities. 

Latest Improved Disinfectants, Powders, Fluids, Pastes, Sizes, 
Creams, Paints, Soaps, Compositions, etc , in all kinds and 
qualities 

Pink Naphthaline Disinfectant Powdei No Lime Base and 
no Colouring. Cost Is. 6d per cwt i 

New Soluble Disinfectant Powder. ? 

Extra Powerful Disinfectants and Deodorizers 

Now Disinfectant Sawdust , 

Special Improved Disinfectant Powder. Cheaper than Car- 
bolic. No Lime B'aso, etc. Non-poisouous and non-corrosive. 

Special Disinfectant Fluids and Oils, like Jeyes,'' Sanitaa,’' 
‘*Pmol,^’ Kreasole,'’ “Microzol,'' “ Carbolezeiie,'* ‘^Condy^s,’' 
^‘Puntas,” Healthitofl,” etc., costmg from 3d. per gallon. 
Latest improvements. 

Improved Soluble Creosote 

High-cloas Disiiifeotont Fluid for Medicinal Purposes, like 
“ Creolin.” 

Colourless Disinfectant Fluid. Cost per gallon. 

New Antiseptic Fluids. ’ 

Eucalyptus Fluid. Costs per gallon ; sells at 6b« per 
gallon. 

Kanufieturers can defy Ferdigir Competition from out Kecipes. 
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il4 Latest Cheapeners and Substitutes for Important Materials 


‘ Special Eucalyptus Disinfectant Powder Costs Is 6d. pei 
cwt 

White Carbobc Acid. 

Special Disinfectant Fluids like “ Cresyphenol ” , 

New Disinfectant Fluids, Powders, and Sheep Dips, like 
" Carholine.” 

New Improved Cold Pi’ocess for Concentrated Creosato Dis- 
infectant Fluids and Sheep Dips Non-poisonous, no Plant or 
Machinery required, materials simply mixed together in any Tub, 
Vat, or Tank In all qualities costing from 4d per gallon (no 
Resin), and equal to most of the leading Brands in the Market. 

Aitificial Carbolic Disinfectant Fluid. Quite ns powci-ful as 
the genuine. 

New Ai-tificial Cai’bolic Acid (undetectable) 

Special Carbolic Pine Odour Disinfectant (non-poisonous). 

Sanitary Crystals, Shields, and Compounds (all Colours) 

New American Disinfectants, like “ Chloro-Naphtliolium ” 

Cloudy Domestic Ammonia, like “Scrubbs.'' Cost -id per 
gallon. 

American Antiseptic and Disinfectant, like ** Listemia ” 

,L Disinfectant Tablets for Urmtila 

New Solidified Disinfectant, rapidly miscible in water Splen- 
did Deodorant for placing m Cisterns of W C 's, etc. 

Soluble Disinfectant Beltings. 

Special Poisonous and Non-poisonous Weed Killers. 


SHEEP PIPE AED VETEHINAEr EPECIAUTIE8. 

Poisonous and Non-poisonous Fluid Sheep Dips One gallon 
makes 100 gallons dip, equal to the largely-advertised Specialities, 
Speciality Non-poisonous Sheep Dips for Export. Soluble 
all ^Waters 

New Solidified Paste Sheep Dips, like “ McDougairs,” 
" Quibell’s," etc. 

Glycerine Sheep Dips 

New Sulphur-Arsenical Paste Dips Perfectly Soluble 
Speciality Sodio-Sulphide of Arsenical Powder Sheep Dips. 
Improved Genuine Powder Dip, like “ Cooper’s ” 

Sheep Dipping Compounds, lie “ Premier ” 

Special Oarbohe Sheep Dips for Export. 

New Improved Disinfectant Foot-Rot Pastes, Lotions, etc 
Latest Fly Waslies and Powders. 

New Fly Oil, InstaartanteOttS Maggot Killer and Wound Healer. 
Disinfectant Veterinaxy Ointmeaitg. 

Latest Insect Powders, for all purposes 

- ~ — — — ^ * — — . — ■■ ~ “““ 

Beeijnssre egcftl to tbe kusol^-olwtased Speeijilitks. 




Full Instructions to the Trade by correspondence or otherwise. IP 


SEW OSPATEHTED RECIPES, ISYESTIOSS, AHD 
SPECIAUTIES. 

Lauudiy Blues, Squai’es, Liquids, etc. 

Speciality Blue, like “Reokitt’s.” 

Hiph-olaas Starch, like '' Reokitt’s,^' by latest and most 
scientific methods of production, to arrive at which some hundreds 
of pounds have been spent; only in the hands of veiy few 
Success guai’anteed. Krection of plant and ^noohmeiy to success- 
fully produce from J ton to 60 tons per day. Also Bice, Moize^ 
and TOieat Stai*ch, etc 

Fireproof Starch, rendering all fabncs noii-iuflammablo and 
absolutely fireproof 

Starch, Enamels, and Glazes, like porcelams 
New Concentrated Starches and Double Starch. 

Speciality Glossy Starehes 
New Liquid Starch Glazes. 

Patent Flour and Crystal Starches, having fihe glCKSs. 

Stai*oh Gloss, Lump, Powder, Blocks, like "Magk^s/’ etc 
New Soluble Starch Gloss (Powder), Perfection 
Waterproo'fings and Preservative Solutions for Fabrics, and 
Canvas Bags for all purposes, 

Tmting Blue for Bleachers. 

Tinting Paste for Bleachers 

Chmese Blue for Dyers, CMico Printers, etc 

Special Prussian Blue for Paper Staineis and Calico Printers. 

dattle and Veterinary Speci^ities. 

Latest English and Foreign Veterinary Oils, BmbrocationSy 
Liniments, and Preparations 

New Specialities Superior to any in the Market. 

Embrocation similar to Elliman^s. 

Artificial Camphor, cannot bo detected from the genuine 
article for all general purposes, 

“Metollizene,'' a Composition for Befining Steel, whioh by 
simple process of plunging the hot metal when in course of 
manufacture, and afterwords working up into articles required, 
will impart suoh properties as malce it tougher and more durable 
than it was originally, transforming it into the finest silver steel. 
It will also restore the properiies of steel when destroyed or 
burnt in process of mamrfactoe, and will enable any practical 
smith to convert the commonest quality into' the best for all 
useful purposes All tools can he treated and become much 
tougher and more durable. 

Speciality Black Harness Oil or Reviver. Costs 8d. per 
gallon ; sells at 4a. per gallon. A pei'fect substitute for all blaok- 

Our Recipes enable Manufacturers to defy Foreign Competition. 
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mgs, compos, and pastes , soffc^nss preserves, and produces a ]et 
black to all leatbers. Will clean bamess ready for use in ten 
minutes. In universal demand by all leadmg firms, large 
earners, and contractors, railway, tram, and omnibus companies, 
and all extensive users and large liorse owners. The best article 
ever used in the stables. 

New Speciality Jet Block Harness Oil Costs lid per gallon 
No mmeral oil. 

Bleacher, like “ Paraaone,'* for linen and cotton goods 
Improved Bleaclimg Liquids for all purposes 
Calico Printers" Pr^)arations. 

Albumen Substitute or Albumenoid for Calico Prmteis 
American Blood ^bumen Pastes. 

Tartarline, perfect substitute for Cream of Tartar 
Artificial Beeswax Costs 2d. and 2|d. per lb. Pale, Dark, 
or White. 

New Amenoan Brilliant Whitewash 
New Washable "Whitewash ” 

New Speciality Insect Powders. 

Brewers" Finings, Headings, Teasts, Food Colouniigs and othei 
diemicals for Brewers, Distillers, and Wine Merchants 

New Perfect Paste, superior to " Stiokphask"" Wairanted to 
keep m all olnnates. 

New Preparation, like " Grloy "" 

New Cheap Bakmg Powders. 

Blanc Mange Powders. All flavours, shades, and tmts (harai- 
less colourmgs). 

Table Jellies. 

Pudding Powders. 

Gilding and Silvering Glass, etc , by latest methods 
InoomhuBtible and Waterproof Paper. 

Iron Filling Composition. 

Substitute Composition for Window Glass for Roofings, etc. 
Copper Coating Solution for Wires, Metals, etc. 

Printers" Roller Compositions and Utilismg Old Composition. 
Photographers" Materials 
Dyes and Dyers* Materials 

Speciality Window Cleaning Paste, produces fine lustre and 
prevents steaming 

Fire Extingmshing Solutions and Preparations 
Preservatives for Foods, Game, Fish, Milk, etc. 

Grease Eradicator, odourless, equal to Benzine. 

American Ball-room Powder. 

New Ball-room Polish, will make the roughest flooring smooth 
like ice. 

New Substitute for Emery. 


Our Recipes are equal and superior to the leading Brands. 




Speoialities oommajiding the largest Sales are m*f'd from our Eeoipes. 1 7 

Specialiiy Curtain Tints, lik© Dolly,” Kipley's,” etc. 
Insulating Gum. 

Wateiproofing Solutions and Compounda for all purposes. 
New Waterproo^gB for Silks, Canvaa, and all Fabrics. 
Speciality American. Waterproofing, costs about 2a for &0 gal^ 
New Process for Manufactuiing .Aniline ' Dyes (all colours) 
from Anthracene (cheaper than German methods). 

New Substitutes for Turpentine No StiU or Plant required — 
simply mixed cold. Cost from 6d. per gallon. 

Deodorised Petroleum, Kerosene, Benzme, Naphtha, Tutjjr, 
etc,, by new cheap American process. Cost about Id. per barrel 
Absolutely odourless 

Fireproof (Colourless) Solution, rendering all fabrics, papei, 
etc , non-inflammable and absolutely fireproof. 

Sbda Manufacture by latest improved methods 

Sand Paper by latest methods in all kinds and qualities. 

Veleurmg Compos for Hat Manufacturers. 

Ammonia — ^Fort, Fortis, Anhydrous, pure ‘880. 

Sulphate, Nitrate, etc , etc. 

Coloured Ammoma, Heliotrope, Pink, Green, Blue, etc. Per- 
manent Colours. 

Extract of Indigo Liquid Paste. 

Beflned Indigo. 

Pure Indigotin©. 

Nitrio Acid, with Efficient Method for Original Oolourlees Acid 
Nitrate of Lead, for Practical Commercid use 
Cudbear and Paste Artihill ; also Liquid Archill — ^both from 
Orohella Weed — quoted brand. 

Persulphate of Iron; sold as Nitrate of Iron. 

Latest Improved Methods for Acetic Acids 
Carbolic Acids in all qualities, CrystaUised Carbolic Acids, etc. 
New Improved Process for Concentrated Sulphuric Acid. 
Mui'iatio Acid. 

Arsenic Acid. 

Method for safely emptying sulphuric or other acids, any 
quantity, no loss or damage. 

Acid Solutions, and all kmds of Chemioals a Speciality 
Dipping Acids, Soldering Spirits, etc. 

Improved Process for Refiniug Sdtpetre 
Sulphate of Soda (Glauber Mt^. 

Hydrochloric Acid (Chemically Pure). 
jPicrio Acid. 

white Leads by latest Englidi and Foreign Processes. 
Acetate of Lead (White Sugar of Lead). 

Cyanide of Potassium (oonamerclal for electro plates, etc.). 
Methylated Spirits. Heavy and Fine Oheitnioals for aJJ 

purposes. 

Any Samples Matched, and Working Recipes Supplied. 
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5 Manufacturing can be commenced at once from our Recipes. 


New Fly Papers — Sticky or Diy (Non-Arsenical, etc ) 

New Sticky Fly Compoeitions, like “Marshairs.” 

Celluloid, clear as glass. Perfectly resists all Aoida, Salts, 
Ikalies, etc 

Grystelhsaiig on 'Kn Plates, all colours. New Glazes for Bricks, 
Enamelling on Iron, latest improvements 
Incombustible and Waterproof Papers, Cardboards, etc. 
Greaseproof and Waterproof Compositions for Papei* 
Iridescent or Marbled Paper (all Colours) 

Paper and Papier MacM Manufacture by latest English and 
'oreign Processes 

Paper Makers’ Materials, Improved Pulps, Gelatines, Sizes, 
anitary and Distemper Colours, etc. 

Photographers’ Matenals, Composition, Vanushes, Prepara- 
ons, etc , by latest Processes. D 3 -ers’ Materials, Sizes, New 
►yes, etc. 

Matches by latest Enghsh, Continental, and American Pro- 
38 aes; New Improved Compounds, Anti-phosphorous, Extra 
afety, Non-explosive, Inextinguishable, etc , etc 
Tanners, Cumers, Fellmongers, and Leather Dressers 
[aterials, Compositions, Preporations, etc. 

Latest English and Foreign Processes for Unhairing Hides, 
[ew Solvents (no Caustic), etc. 

Utilisation of Wastes and Refuse, Improvements m Bi-produots, 
jc , by latest Processes. 


NEW SPECIALITY RECIPES (UNCLASSIFIED). 

New Process for making any Cheap Resms perfectly Wliite 
id Hard for Varnishes, etc 

New Compo for making Incandeficent Mantles flexible. 

Compositions and Pamts, like '‘Ferrodor.” 

New Asbestos Compositions New Pamts similar to “ Bells 
sbestos Aquol Paint, fire and water resisting, non-poisonous, etc. 

New Enamels, lilce " Vitros ” or Liquid Porcelain. 

Improved Process for degumming Rhami Grass for Manufao- 
irmg 

Government Waterproof Floor and Roofing Pamts. 

New Process for oheapemng Tallows up to 60 per cent, of 
iter. 

New Process for making Cotton Oils equal to Olive Oils. 

Improved Process (Hot or Cold) for treatmg all Lmseed Oils 
►Bolutely free from spawn and impuntiefl for varnish making and 
irranted not to break up to 700° Fahr , perfectly de-albumenised. 

New Simple Process for Seed Crushmg greatly jmproves 
Uour of the Oils and largely mcreases profit for the 041 C^es. 

Our Recipes are worked from by the leadmg Firms. 
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SENT ON APPROVAL TO SUBSCRIBERS ONLY. 

IN THE PRESS. 

BOOK Bo. 1. 

MANUFAGTUBERS’ 
PRACTICAL RECIPES 

A Treasury of Original Beclpes 
and Processes. 

INOLUDINQ 

Latest Improved Up-to-Date 
English, Continental and American 
Recipes and Processes, 
with full Working Instructions 
for Manufacturing 
Dry Colonrb, Fainb UedliunB, Turpentine SubBtltutea, 

Distemper Faints, Faints, ObemloaX Oolours, 

Stiff and Faste Oolours, SlUaate Faints, Faint Oils, 

Substitutes for Linseed Oils, Futty, &o , &o. 

A M INT OF PRA C TICAL H INTS 
Published at SpeoiaJ Subsonption Prioe of ad323 2s. 

MONEY SAVED IS MONEY EARNED. 

Attn 

MANUFACTURERS' PRACTICAL RECIPES 

, WILL SAVE YOU TIME, LABOUR AND MANY £100. 

SpBoia! Notice. BUY ONLY ON APPROVAL. Special mice. 

MOKBY RnrUNUBD WITH rLBABUBa it the Book li not nprroved, and 
Teturoed ia uourae uf Post, 

LEWIS JAMESON OO., 

Fraotloal Experts and Beseavoli ObexxLlatSi PubUslieri of Teobnloal Worlcs 
and Hanufiaoturers' Beoelpt Books, 

91, QUEEN VICTORIA STREET, E.C. 




ill 







20 


ADVEUTJSBME^-TS. 


MANUFACTURERS' PRACTICAL RECIPES. 

500S: ITO- 1- 

DRY COLOURS, PAINTS, PAINT OILS, PAINT MEDIUMS, &e. 


coiira?ja335rTS : 

PART I— Pigments and Dry Oolours. 

OHAP. I —Natural Colours and thkir Dbrivativrr — R ed Oxide of 
Iron ; Bed Hematite or Spathic Ora cleiivatiyea (Spathoee Yellow, Red, Purple, 
Brown, Greea, and Black); Light Oxide, Purple Oxide, various shades, 
OroouB ; Indian Red, various shades ; Ooloothar , Turkey Bed , Venetian 
Red , Silicated Oxide of Iron , Ochres , (Yellow, Red and Black) ; Sienuas , 
Umbers ; Vandyke Brown. 

CHAP II — Chbmical Ooloubb — ^Ykllowb. — P ure Chromes, all shades ; 
Common and Reduced Chromes , Imperial Yellow; Naples Yellow , Cologne 
Yellow ; Mars Yellow and denvativee , Orans;e, Red and Violet , Golden 
Ochre , Cadmium Yellow , Strontia Yellow , Zmo Chrome , Barium Chrome ; 
Litho^aphers* Chromes, all shades , Dutch Pink , English Pink 

CHAP III — Ohemioal Colours (contwAi/ed) — Blubb — Bronze Blue ; 
Chinese Bine , Prussian Blue, genuine and reduced , Soluble Prussian Blue , 
Brunswick Blue, Celestial Blue; Azure Blue, Pulp Blues ; Damp and Pabte 
Blues; Uitramarme and Lime Blues, Oriental Blue; Imitation Herondale 
Blue , Indiarubber Blues. 

CHAP IV — CasMiOAL Colours {ooniinutd) — Orbhks — B runswick 
Greens, all shades , No. 1 afid Reduced Brunswick Greous , Royal Greens, 
Emerald-tmted Brunswick Greens , Albert and Victoria Greens , Bronze 
Greens ; Quaker Greens , Olive and Sage Greens , Various Mixed Greens , 
Chrome Greens , Geniune Emerald Green , Reduced Emerald Greens , 
Imitation Emei-ald Green , Mmeral Greeu , Green Verdi ter 

CHAP. V — CHBuroAL Colours {otmtxnued) — Rbds. — R ed Lead , Reduced 
Red. Lead , Imitatiou Red Lead , Hoarleb Chrome, Derby Red , Persian Red , 
Ohineae R^ , Oanmuettea or Imitation Carmine , Vermiliouette or Imitation 
Vennition ; Permanent Reds , Special Scarlets , Victoria Red , Royal Red , 
Signal Red ; Tuscan Red , Indian Red 

OHAP VI — LiAKBPiaHRMS. — Madder Lakes , Cochineal Lakes , Carmine 
Lakes ; Omnson, Scarlet, Carnation and other Lakes , Alizarine Lakes ; 
AuQine Lakes, ail shades , Eusme Lakes , Wood Lakes, vanous , Cheap 
Lakes. 

CHAP VII — Whitb and Black Pigmbntb — W hite Lead, Dutch or 
Slack process and Precipitation Process ; Sulphate of Lead , Oxide of Zmo ; 
Sulphide of Zmo , Sulphate of Banum and B>iryteR , Whiting and Pans 
White , Sulphate of Lime, Gypsum or Terra Alba , China Olay , Ivory and 
Bone Black ; Vegetable and Lamp Block ; Carbon or Gas Bl^k , Mineral 
Black ; Blue Black. 

OHAP VIII — Vabiocs Dry Ooloum and Sundries. — B ronze Powders, 
GKrld, Silver and Red ; Filling-up Powders , Coach Makers’ Oolours ; Stains 
and Dyes, French and other Dryers, Distempers and Distemper Powders ; 
Euoauatio Powders ; Amenoan Kdaomiue and Oalourium 

PART IL— Oils and MediumB. 

OHAP IX. — Boded linae^ Oil, Fire Boded, Steam Boiled, Single Boiled, 
Double Boiled ; Driers for Oa-boiliug ; Reainate Driers ; Raw Paint Oils ; 
Tests and Properties of Linseed Od , Reduced Boiled Oils. 

CHAP. X. — Pale Boiled Linseed Ode ; Various Driers used m Pale Boded 
Oils ; Oheapeners for Pale Boiled Oils 

CHAP Xr — Oil for Special Purposes, bto,— Z mo Drying Od , Quick 
Diying Ofla , Faint Oils for Export ; Pnint Cheapening Oils ; Elastic or Nou- 
crackmg Oils ; Tarpaulin or Canvas Ods ; Linseed Od Substitutes ; Drying 
Resin Oil ; Debloomed Resin Oil ; Gloss Oil. 
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OHAP. XII — Tuhpentine and Tuupbntind BuusTXTaTBS — Keduoed 
TurpentineB ; Deodorised Benzine Oheapeners for Turpeutme ; Deodoriser 
for Aloohol. 

PABT lll.'-'Stiff Faints and Paste Colours. 

OHAP, XIII — 'VVlute PAints, Lead, Zmc, &o , Special Export qualities 
for all marketa. 

OHAP XIV. — Paints whose B^lss is Oxide Otf Ieon. — R ed Oxide, Spanish 
Brown and Venetiau Paints , Turkey Red Paints ; Indian Red Paints , 
Purple Oxide and Purple Brown Paints, Prepared Spathic Ore Paints, Magnetic 
Oxide of Iron (Iron Muium) Paints. 

OHAP. XV.— Sienna (Raw and Burnt) Paints , Umber (Raw and Burnt 
Turkey) Paints , Eoglish Umber Pamts , Vandyke Brown Point. 

OHAP. XVI — Oxfoixi Ochre Paints ; Italian Ochre Paints ; Stone Ochre 
Paints ; Oobre Faints for Staining , Ochre Paints for Body Oulours ; Yellow 
bnd Ohrome Paints 

CHAP XVII, — Black Paints — V egetable and Lamp Block Paints; 
Black Paints for tinting ; Black Paints for body colouring ; Ivory Black and 
Carbon Black Points , Jet Block Paints for Decorators , OUeap Black Paints ; 
B aok Oxide Paints ; Black Paints oontainmg White Lead 

OHAP XVIU —Red Paints —Royal, Signal, and Post oflaoe Red Paints ; 
Ohinese and Persian Red Paints , Maroon Paint , Paste Lakes. 

OHAP. XIX. — Blub Paints. — P ruauian or Chinese Blue Paints , Bruns- 
wick Blue Faint ; Oelestial Blue Paint ; Azure Blue Faint ; Ultramarine and 
Lime Blue Pnmts. 

OHAP XX. — Grbbn Paints.— G enuine and reduced Emerald Green 
Prtintfl ; Brunswick Green Paints j Bronze Green Paints , Quaker Green 
l^alnts , Bngbt and Emerald-tinted Green Paints , Olive Green Point , 
Imperil Green ; Green Silicate Faint , Mineral Green 

OHAP XXI — Tinted Paints — Priming Pamt , Buff, Stone, Slate, Lead, 
Mast and Teak Colour Paints. 

OHAP. XXII, — Oolours ground m Turpentine , Ooloura gi'ound m water. 

OHAP XXII r — S tipic Paints poii Special Purposes — A rtists' Tube 
Colours , Silicate Paints , Carbon Paper Tracing Paints ; Ships’ Funnel Paints , 
Ainencan Paints for Coaches, Cabs and En^es , Paints for Ironwork aucl 
Machinery; Weatheipinof Paints, Enamel Painta ; Disinfecting Paints, 
Luminous Paints ; Fen'odor Paints ; Water Pamts ; Encaustic and WBahablo 
Distemper Paints, 

CHAP XXIV.— Putty (all qualities) 

OHAP. XXV. — Driers. — P atent Driers; Manganese Driers; Lead or 
Litharge Driers ; Pale and Dai k Driers , Zinc Driers ; Driers Solutions. 
PABT IV.— ThiniLed Paints, Specialities, and Sundries. 

OHAP. XXVL — Ready-mixed Paints (all shades) for Decorators’, Pain- 
ters’, or Domestio Use ; Enamel Paints ; Methods of Cheapenmg Ready-mixed 
Paints ; Faint Extender or Oheapener ; Flatted or Dead Su'faoe Oil Paiuts. 

OHAP. XXVII.— Thinned Paints for Spboial Porpobbs.— A nti- 
onrrosive Paints , Funnel Paints ; Engine Paints ; Boiler Paints ; Bridge 
Paints ; Tm Can Painrs ; Ironwork Blacks ; Heat Indioating Painta , Enamel 
Pamts . Gasometei Paints ; Floor Paints , Flexible or Oanvns Paiuts ; Lino- 
leum or Oil Oloth Faints , Tarpaulin Paints ; Trunk Paints ; American Roof 
Pamts ; Elastio Waterproof Points. 

OHAP. XXVIIL— Silicate, Water and Distemper Paints.— F ireproof 
P.iints , Washable PaintB ; Silicate of Soda Wotei- Paint ; Binders for Water 
Pamts ; Emulsion Waterproof Paints ; Kalsomlne or Distemper Paints , Fire 
Ursisting Kalaomine ; Fire Resisting Paint. 

OHAP. XXIX.— Sundry Special Paints. — M loo Lustre Paint j Asbestos 
Paints ; Luminous Paints ; Metalllo Aluminium Paints (tinted). 

OHAP. XXX,— Sundry Oompobitionb, &a, for Speoial Pubposes.— 
Fireproofing Compo. ; Damp-proof Compo. and Petrifying Li^ld ; Water 
gloss; Lime Killer* Transparent Damp-proof Liquid for Walls: Paint 
Remover ; Wood Fillers, Paste and Liquid ; Iron Filler ; Rivet-head Oompo , 
Cements for Boilers, Steam PipeR, Roofs, 
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ADVrcRTTSBMBNTS. 


Are you aware tuat our Book wlU kelp you oouBiderably In buslneBS ? 

T\T^nr ni? O /'Move with tho ttmes, eoonomlap, oud jwiva money . 

OUR 8nl«tlfcuto oi^tly and important 

1 WltbSivMdthe KeenofltOonjpetltloii In any Market, 
Will 61iabl6 you to ^Uriiiaa wastes, Refuse, auaByo-Produots. 

At once from Recipes and Insti-uotlona. 

Without experiments to prove praotloftbmty. 
Several now profitable oommodltlus in tfrout 
demand 

Bt>oo1ii1 qualities for axpoi t to nU ullmates. 

Equal to jPrIee and Gold Medal liiands 
Equal to tho largely odvortlBed Spodalltlei, 

In qualldes as Hiippliod to tho various Govern* 
ment'*, ibo .... 

From Latest Sugllsh, Oontbiontnl and Ainuilt'uu 
Beolpes 



yj^siNGLE P0|1\1J 

gaIN&D 


S/IVES MANY £ 1 , 000 . 


PLAIN 


Recipes, 

'Juantitiefl. 

Torkingr Instructions. 


It is not a TkeoretloaJ or Okemloal Work, but a FRAOTIOAL RECIFE BOOR. 


What we claim for our Recipes are Absolute Facts, well established and testifiod to liy 
Soleutlfic ExpeiiiB 

AOENOWLEDQEP BT HIGHEST TEBTIMOKXALS firom LEADING FIRMS 
throughout tho World. 


The whole World wants 
Our Recipes are conceded 
You cannot Beat 

ABSOLUTELY 

fop 

nothing 


THE BEST 
YOU CAN 


TRY 

TEST 

PROVE 


us. 


Your reputation depends upon the Recipes and Processes by which you Miunifaoturd. 
Itooucerxu you to know " MANFFACTHRSaS' FRAOTIOAL REOIFES** 
win help you oouNlderably In your business and wlU 
put you on the STRAIGHT ROAD TO SFCOESSFFL MANFFAOTFRE. 


BUY ONLY ON APPROVAL. 


Money Refunded with pleasurelf the Book la not approved, and returned In oourse of put. 

Simply write “I want my money 'back," and you will 
have your Cheque for the fUll amount per return Post. 

FULL SATISFACTION OUARANTBED. 


LEWIS JAMESON & CO, 

BitiiDaial BidUliisa, 91 , Quesa Vleterla Street, IiOMBON, B.O., BNQ&AKD. 
T^tairaiidc «n4 OkUe Addiws-" DULWING, tONDON ' A B 0 and A1 Oodea iinr], 
0 
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